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AN ACT TO PROVIDE FOR THE PUBLICATION OF THE REPORTS 
AND PAPERS OF THE INDIANA ACADEMY OF SCIENCE. 


[Approved March 11, 1895.] 


Wuereas, The Indiana Academy of Science, a chartered 

scientific association, has embodied in its constitution a i 
provision that it will, upon the request of the Governor, or of the several 
departments of the State government, through the Governor, and through 
its council as an advisory body, assist in the direction and execution of 
any investigation within its province, without pecuniary gain to the Acad- 
emy, provided only that the necessary expenses of such investigation are 
borne by the State; and, 

Wuenreas, The reports of the meetings of said Academy, with the sev- 
eral papers read before it, have very great educational, industrial and eco- 
nomic value, and should be preserved in permanent form; and 

Wuereas, The Constitution of the State makes it the duty of the Gen- 
eral Assembly to encourage by all suitable means intellectual, scientific and 
agricultural improvement; therefore, 

Section 1. Be it enacted by the General Assembly of Publication of 
the State of Indiana, That hereafter the annual reports of the Reports of 
the Indiana 


Academy of 
with the report for the year 1894, including all papers of Science. 


the meetings of the Indiana Academy of Science, beginning 


scientific or economic value, presented at such meetings, after they shall 
have been edited and prepared for publication as hereinafter provided, shall 
be published by and under the direction of the Commissioners of Public 
Printing and Binding. 

Sec. 2. Said reports shall be edited and prepared for 
publication without expense to the State, by a corps of Rditing 
editors to be selected and appointed by the Indiana Academy Reports. 
of Science, who shall not, by reason of such services, have 
any claim against the State for compensation. The form, style of binding, 
paper, typography and manner and extent of illustration of Nunaieeee 
such reports shall be determined by the editors, subject to printed 
the approval of the Commissioners of Public Printing and Reports, 


Stationery. Not less than 1,500 nor more than 3,000 copies of each of said 


7 
reports shall be published, the size of the edition within said limits to be 
determined by the concurrent action of the editors and the Commissioners 
of Public Printing and Stationery: Provided, That not to exceed six 
; hundred dollars ($600) shall be expended for such publica- 
Bepys80: tion in any one year, and not to extend beyond 1896: Pro- 
vided, That no sums shall be deemed to be appropriated for the year 1894. 


Sec. 3. All except three hundred copies of each volume 
Disposition 


of said reports shall be placed in the custody of the State 
of Reports. 


Librarian, who shall furnish one copy thereof to each pub- 
lic library in the State, one copy to each university, college or normal 
school in the State, one copy to each high school in the State having a 
library, which shall make application therefor, and one copy to such other 
institutions, societies or persons as may be designated by the Academy 
through its editors or its council. The remaining three hundred copies 
shall be turned over to the Academy to be disposed of as it may determine. 
In order to provide for the preservation of the same it shall be the duty 
of the Custodian of the State House to provide and place at the disposal 
of the Academy one of the unoccupied rooms of the State House, to be 
designated as the office of the Indiana Academy of Science, wherein said 
copies of said reports belonging to the Academy, together with the original 
manuscripts, drawings, etc., thereof can be safely kept, and he shall also 
equip the same with the necessary shelving and furniture. 

Sec. 4. An emergency is hereby declared to exist for 
Hoc Rec y- the immediate taking effect of this act, and it shall there 


fore take effect and be in force from and after its passage. 


AN ACT FOR THE PROTECTION OF BIRDS, THEIR NESTS AND 
EGGS. 


Section 602. It shall be unlawful for any person to 
kill, trap or possess any wild bird, or to purchase or offer aa 
the same for sale, or to destroy the nests or the eggs of any wild bird ex- 
cept as otherwise provided in this section. But this section shall not apply 
to the following named game birds: The Anatids, commonly called swans, 
geese, brant, river and sea duck; the Rallide, commonly known as rails, 
coots, mudhens, and gallinules; the Limicole, commonly known as shore 
birds, plovers, surf birds, snipe, woodcock, sandpipers, tatlers and curlews; 
nor to English or European house sparrows, crows, hawks, or other birds 
of prey. Nor shall this section apply to any person taking birds or their 
nests or eggs for scientific purposes under permit, as provided in the next 
section. Any person violating the provisions of this section shall, upon con- 
viction, be fined not less than ten dellars nor more than fifty dollars. 

Sec. 603. Permits may be granted by the Commissioner of Fisheries 
and Game to any properly accredited person, permitting the holder thereof 
to collect birds, their nests or eggs for strictly scientific purposes. In 
order to obtain such permit the applicant for the same must present to 
said Commissioner written testimonials from two well-known scientific 
men certifying to the good character and fitness of said applicant to be 
entrusted with such privilege, and pay to said Board one dollar therefor, 
and file with him a properly executed bond in the sum of two hundred 
dollars, payable to the State of Indiana, conditioned that he will obey the 
terms of such permit, and signed by at least two responsible citizens of 
the State as sureties. The bond may be forfeited and the permit revoked 
upon proof to the satisfaction of such Commissioner that the holder of 
such permit has killed any bird or taken the nests or eggs of any bird for 
any other purpose than that named in this section. 
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CONSTITUTION. 


ARTICLE I. 


SECTION 1. This association shall be called the Indiana Academy of 
Science. 

Sec. 2. The objects of this Academy shall be scientific research and 
the diffusion of knowledge concerning the various departments of science, 
to promote intercourse between men engaged in scientific work, especially 
in Indiana; to assist by investigation and discussion in developing and 
making known the material, educational and other resources and riches 
of the State; to arrange and prepare for publication such reports of inves- 
tigation and discussions as may further the aims and objects of the Acad- 
emy as set forth in these articles. 

Whereas, The State has undertaken the publication of such proceed- 
ings, the Academy will, upon request of the Governor, or of one of the sey- 
eral departments of the State, through the Governor, act through its coun- 
cil as an advisory body in the direction and execution of any investigation 
within its province as stated. The necessary expenses incurred in the prose- 
cution of such investigation are to be borne by the State; no pecuniary 
gain is to come to the Academy for its advice or direction of such inves- 
tigation. 

The regular proceedings of the Academy as published by the State 
shall become a public document. 


ARTICLE II. 


Section 1. Members of this Academy shall be honorary fellows, fel- 
lows, non-resident members or active members. 

Sec 2. Any person engaged in any department of scientific work, or 
in original research in any department of science, shall be eligible to active 
membership. Active members may be annual or life members. Annual 
members may be elected at any meeting of the Academy; they shall sign 
the constitution, pay an admission fee of two dollars, and thereafter an 
annual fee of one dollar. Any person who shall at one time contribute 
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fifty dollars to the funds of this Academy niay be elected a life member of 
the Academy, free of assessment. Non-resident members may be elected 
from those who have been active members but who have removed from the 
State. In any case, a three-fourths vote of the members present shall elect 
to membership. Applications for membership in any of the foregoing 
classes shall be referred to a committee on application for membership, who 
shall consider such application and report to the Academy before the elec- 
tion. 

Sec. 8. The members who are actively engaged in scientific work, who 
have recognized standing as scientific men, and who have been members 
of the Academy at least one year, may be recommended for nomination for 
election as fellows by three fellows or members personally acquainted with 
their work and character. Of members so nominated a number not exceed- 
ing five in one year may, on recommendation of the Executive Committee, 
be elected as fellows. At the meeting at which this is adopted, the mem- 
bers of the Executive Committee for 1894 and fifteen others shall be elected 
fellows, and those now honorary members shall become honorary fellows. 
Honorary fellows may be elected on account of special prominence in 
science, on the written recommendation of two members of the Academy. 


In any case a three-fourths vote of the members present shall elect. 


ARTICLE III. 


Section 1. The officers of this Academy shall be chosen by ballot at 
the annual meeting, and shall hold office one year. They shall consist of a 
President, Vice-President, Secretary, Assistant Secretary, Press Secretary 
and Treasurer, who shall perform the duties usually pertaining to their 
respective offices, and in addition, with the ex-Presidents of the Academy, 
shall constitute an Executive Committee. The President shall, at each an- 
nual meeting, appoint two members to be a committee, which shall prepare 
the programs and have charge of the arrangements for all meetings for 
one year. 

Sec. 2. The annual meeting of this Academy shall be held in the city 
of Indianapolis within the week following Christmas of each year, unless 
otherwise ordered by the Executive Committee. There shall also be a sum- 
mer meeting at such time and place as may be decided upon by the HExecu- 
tive Committee. Other meetings may be called at the discretion of the Hx- 
ecutive Committee. The past Presidents, together with the officers and 
Executive Committee, shall constitute the council of the Academy, and 
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represent it in the transaction of any necessary business not especially pro- 
vided for in this constitution, in the interim between general meetings. 

Sec. 3. This constitution may be altered or amended at any annual 
meeting by a three-fourths majority of the attending members of at least 
one year’s standing. No question of amendment shall be decided on the 
day of its presentation. 


BY-LAWS. 


1. Ou motion, any special department of science shall be assigned to 
a curator, whose duty it shall be, with the assistance of the other members 
interested in the same department, to endeavor to advance knowledge in 
that particular department. Each curator shall report at such time and 
place as the Academy shall direct. These reports shall include a brief sum- 
mary of the progress of the department during the year preceding the pre- 
sentation of the report. 

2. The President shall deliver a public address on the morning of one 
of the days of the meeting at the expiration of his term of office. 

3. The Press Secretary shall attend to the securing of proper news- 
paper reports of the meetings and assist the Secretary. 

4. No special meeting of the Academy shall be held without a notice 
of the same having been sent to the address of each member at least fifteen 
days before such meeting. 

5. No bill against the Academy shall be paid without an order signed 
by the President and countersigned by the Secretary. 

6. Members. who shall allow their dues to remain unpaid for two 
years, having been annually notified of their arrearage by the Treasurer, 
shall have their names stricken from the roll. 

7. Ten members shall constitute a quorum for the transaction of 


business. a 
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IPG OMIM ere en eect tle 6 xe eate 24 11 4919 a eee at acs Lafayette. 
AN Vewer VISGOSS:. pees ole orssauaie aie Aers SO BR Me, Acree eee Urbana, III. 
Thomas (GHEE NY ses best aoaes eae ees eas eee ee US OSError er Terre Haute. 
PRM UMA WANG o's «obi cudie jes <a bee ESO Oi. ia pnser aah Terre Haute. 
Th TE EE a A Tp he. Lafayette. 
Obert Messlene cists see aces an «is. @ S90. Sater Logansport. 


*Date of election. 


+Non-resident. 
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sae a ISUOTINS ses iste one Koei Necsotis cm meee SOS ic cee eto Chicago, Il. 
Bowin S) Johonatt..: <0 2.266 st bas LOO4S ceo. 8 sae Terre Haute. 
PGDCED Ey, AWYOUB: 377 so. s se paew ee 18966. 22% oeeetes Bloomington. 
Wipes cBeph hole t cake eee om 1904) Soar aoe Terre Haute. 
UES 0 CS 72) 9: eee Pe LS98 + J. aoe eee Bloomington. 
(22 ey Le SS ee ee en eee ea 18941 2 Cee Terre Haute. 
Ul cee AUIS lee ie, ae a POO: She o's ee Nees Swarthmore, Pa. 
Wierd MOGICNAUB: «.:.% ais et eval LOOT os Car tee ese Bloomington. 
DE Ma Mottier 25%. sesnatt ke AROSE cee tere Bloomington. 
PERE ANG YAGE N80. 20 ihc ete tnsvals 20 ages 2 MOS 58.7 oho tab papers Greencastle. 
Pe MOVES? 283.2 <ct.ma veges ee ff See ne oe eer Champaign, Ill. 
Trolley Ah. TRAMBEY «eho We ek chee eee es POUND: Acro ee eee ee Bloomington. 
mEI uit BISON 3... 2a heme setae je | ae ean ge ore Lafayette. 
Ge RS) RSS 1 a2) cee eee ee Se ee nana) Ses eaters Terre Haute. 
RANI ECEOROCK. . i7s)/.% Sct 's carats coon 1G (6 Gio Sein eames Bloomington. 
“pS aS og 72) | A 2 ae a oe TRO osc toee Terre Haute. 
PMMSSAISEULEEDE ace ix) ve oo BRt oT es oo EO a hea ce ae oh Lafayette. 
(fs Soa S002 OF eee eR ee or ISOS. rote oreo Chicago, Ill. 
EN 5 11°07 CR ee ea oc Ls aaa pe Lafayette. 
POSE PUES WANN 6 coef caye etek nies Ree LO Sep Peeves hegre oe Swarthmore, Pa. 
UE eA RAOERISNSS foo F520 a vs_nvn) OS ea EO secs a chieGrAee oee Crawfordsville. 
jo was. NUE (OS ees ten peer rae bart be OOS pera e rete St. Louis, Mo. 
EL SV EOSLOD. 3 shu, cnn seis Seine DBO tte borin enc cetons Washington, D.C. 
ACh MOVER TAUAL. os) cele ost = «osx U wear LOGE eae eres Lafayette. 
AN SPO 2 oot. S a5. Ooere ame cnacyenere eee io la ead Soren Washington, D. C. 
VWs - VVRIMRETE Foo on os) Saver a(e-e a ee ee iL 1s eee as ee een. a Indianapolis. 
SOM AEE E Ge) tak Oo. Gio's tee wet eee al eae EL eae Indianapolis. 

*Date of election. 

+Non-resident. <2 

NON-RESIDENT MEMBERS. 

Spe Or eeu lA ASIC Y owe 2 5. nyo ptegie y= ban ein ieee Charleston, 8. C. 
eM ERECT eh soa he, tha ate a, vie eons de Stanford University, Cal. 
Mey ACK TANINOM <2 53,55 one eae a Oke ee oe ee Grand Forks, N. D. - 
Pye sommes ons. 2 onc eat wakes sep eie a a Stanford University, Cal. 
PERN IER MUU <3 5. si3555 odin a) veh Bane oe oe eee Worcester, Mass. 
PV PREV CTMISIY 0 <2. 0s og pee oe cee ee Washington, D. C. 


Vee MIS Gz at gee oko: » Po on Seen ors > Los Angeles, Cal. 


“gt 


1 (GSS HOR ele Pittsburg, Pa. 

(2 Up UEL CEU Gf a ae 2S etl i Stanford University, Cal. 
(Cl UN, (GIneaitle oe eaten soe eee Columbia, Mo. 

Gummi areith- 02.12.24 tae “ix DO Aa Syracuse, N. Y. 

“Ue. | ERES SG 2 IRIE, Se eto Sid ea oe er New York City. 

PURE INIMPEUMCONCS oor eta fos na seeds wis see ee ese? Stockton, Cal. 

(Fe Ee ce cr en Stanford University, Cal. 
D.S. Jordan..... Cot, ate MSE ae ace Stanford University, Cal. 
emriMitapeicnys rae E Se ece 2 piouyemr ein ses oe Tufts College, Mass. 
eerie Wola eras eo Siti ac doe eae ee es Tuseon, Arizona. 

ee, AGW Unter 8 SoS en ee Valley City, N. D. 
iee@rsViendeminalli; way ist bc. cor. uess cure sels et bas Worcester, Mass. 

oo, (Ei ASTRON SN eek ne Fayetteville, Ark. 

oo 2 YS RC Ae ie ae ae Mora, Wash. 
ELST Oe 08 Ce) OS eae re Cincinnati, Ohio. 

UU DSIRE Boge UST (et aera rg Washington, D. C. 

SUS Dtiah VAGUE atee ae Se Seni ae en ee Clemson College, 8. C. 

Mie ns. MLS Ses ae a) A ee ae Fayette, Ia. 


ACTIVE MEMBERS. 


Me atin Ja\ Sh eae eo See Delphi. 

Die, LEDS ANUS SY0v 01 os ae 9s ne eae ee eo West Lafayette. 
RIVER MIMCE SOM HEM Sete ini hc ase aes heb eb dee es Ladoga. 

I6L JE, TBR WING Gea a moses 58 0 en San Francisco, Cal. 
CEL NSD SS BEN ey os hg se ee Indianapolis. 
Tialirtuol: lature ar Behave \c 6 oecceve 6 clo Geena ence cael canoe oe eee Indianapolis. 
ANY Lal BRIS 2 adog 55 dA ee Pe West Lafayette. 
NE raety mE NUIT UtG Me S ocr s. i inten sales even Kayes = we Valparaiso. 
JEU SH SLO be bie (as 2.01 2412) 000) One ae are Indianapolis. 
We ea renal Lene eee PPE IS inne erates LE she Melati + 

Sp tanlarabaN; ellen ria TM ance 6.66 oo ko apne vue cee we crags alee Greencastle. 
(SLE TERM See) BYG i170 AE ar, ae a ea Richmond. 

[his (GAS TE e000 (10 Ba ae oo rr Bloomington. 
IPiReO! dio. BREAD & EA ae idole ee RRA POE oem eee me Remington. 

Beas Views Tr CO RPM TARY Sor’ oe to cio. Seevris abet dat Terre Haute. 
Wemicnintome GausOle mew Sits a.c.alse a ware Scepale << Detroit, Mich. 
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Hermanson chamberlin 2422). oe sel aasee S ble eat Indianapolis. 
ree laticlerabe at teas meas ct cca eet see Bek Grek et Bicknell. 

Ns. (Crs AEE (OlnV GIS Siena aie kena aera Hace le Ii h ot ee Maa IES {KKokomo. 

CID aC hrStlevniaanian oneet a ove glee eo West Lafayette. 
Howard eWril@larkamne tke ene oc ope Cote Sibae pee sg coti atts Chicago, Il. 
OOM Olay LOM Me crx ott ent ee esdoe Sdlw ate was wl ... Geneva. 

Elem Vie Qleriipwniaes copie aaus hay chans one ae ie etna wees . Monroeville. 
(Ghrarlesn@lickeners semen amines Seiten scans come . Silverwood, R. D. No. 
(GhanleswAre Co iteivetarnetr te acne cr ereiecug osm erase Petersburg. 
\Wallneynan(Cihinntorral (Conc. o0.o 50 oo ae ho oe nh soe aout acloe Columbus. 
JevA--Cragwall. 2475 ST or ge ee eer cae a .. Crawfordsville. 
IMirgtes Oro wells o-caatepaetetncks cornea cae waite et .... Franklin. 
WorenzO lee Ane See wreaths vee eee are haem: Laporte. 

BYR EID iiss Snare ol eee Tatit cuties mee Cee eek West Lafayette. 
Olav ey CAB Crane toca Mus oe oto e oad 4 cio Ree Bluffton. 
RVers eae) Osta eta Seer ae Rs ceeteect coeee dake ened agree ovat ste Westfield. 

een olan nde casemate st. \ ack, Lose cohort eae es Syracuse. 
Hleriiaprey Ibe Ioana) ok pao en oy Gonos ueesaobere Urbana, Ill. 
RRA ENCLOWN © oop cid ache ax sow Xnea asl a yee eee Indianapolis. 
YORU EL pe PADULILIN Tok < fs ic «ev 2 che eee ee pete eras Logansport. 
LEITH 6 eae gee ag 1c a mM Peco ateprs sc OR ae Logansport. 

Wis: bg: TDG oh tc esemeamprte eae mtetee means ae Wek OA tec Anderson. 

ee ee ON GCHET AL 2 5 Se pci wndads «902 stl peak wetlate sia Bloomington. 
NCE NCES OTi1IV; tie cp RRR oie steer seven koe eek eee cee Serena West Latayette. 
Son Ollers:4 .nc., « oeteecetis 9 Fu © mC oe eee Indianapolis. 
Wier IM GS ELAS «0 sessnyor cps abso: Sys denee valde thetic wisely Vincennes. 

Iilpel gal ool saat oMeO reo oo aaNet Oro rise, coo chem aatoGEes West Lafayette. 
Samanell Ge ivanBinctty cases et steteis case use oho sas ut yeaeasy oe Evansville. 
Ua er BSL VET ale ug ities lors soloi. cur gab tues tores pega: Logansport. 
odie Bhim ee nee Se aA Peers Sue Me eee Crawfordsville. 
Mindi IS bOn.. thing Shia peerie th tt rune. en Cote ee West Lafayette. 
iNav taal ye (2) ene Paar ct ore ho lied RR PARR So Ey Linden. 

PATIS GIMME UTC ee carne: copy ls eto serch eee eng Jeffersonville. 
Afolaronl DC ior awed. ite Aho Geese Oo aattecr oS och. Madison. 
ADORE W, WV: GAIMDIC. i jain hm ait Pape sya, nlecceehena,s Mes Logansport. 
ESCO Creu teranA TNs. So peee MMA sth ee, Palen seo ees was ERC Be Lafayette. 

nee Dewreurtleorns wes em beeiaat ate aire eens camp caer mange ara oie Crawfordsville. 


Biel ofsran Gan allUbhnnt sue cpr eet scare ne eek aay te eee et Na Ov Terre Haute. 


Benmore CrOUNC si) ste stares -os ales Sy ofc Face Oe Rochester. 
RMN CONE CxPC OME Conte 89 Fa a) n eee hits we ade ete anew Albany: 
os seg TL NS TSS eo ee Ree er Springfield, 8. D. 
2 BE Tes OYE NS A cn Se ee West Lafayette. 
Manama eed URNA TIS Cs toy td Bor veh isi clo cel wh eo: wesw wa eh ah ees State College, Pa. 
Be MENC TI CIS no FoI Sree 3)o ato s Se ee ee Led St. Louis, Mo. 

7) TL LESLIE eter vec 707 ny Logansport. 
A ALN anes ee Bloomington. 
Peete ELISA GCN Te tanta A lagora ct she ralai invA = ae win oles Indianapolis. 
Oo STs PO a Terre Haute. 

S. [pysililsy, ENTE NaVe lo ea te fe eae ect Sie ee Madison. 
TRESS LUG Te) 5a 9 2 Logansport. 
MPEP EMETIIMIAS, = 051A Tecate etc icles ule Sowers oe es Logansport. 
oR es Le Cie Re 0 ter a Richmond. 
ILACCNUISY WM le Sls E.G) Cf WS ech eee South Bend. 
(LE AB USTEVA To Ee AAS, Oe ee West Lafayette. 
2 TRE UTE USI See eS cee Indianapolis. 
Pe RDERECE Kaha Gresi aid ways hades Dee es Lebanon. 

(CL ABS dGvees(orilehe a pakst os ? o einee oe  e Durham, N. H. 
(2 GIGS VG ET OT So nar a a Lafayette. 

Boo Loy R(T ge eee 5 a ee Greenfield. 

AX, TE Gives ee ele ae Ok Sd ae ea West Lafayette. 
NAVs din AIGA NSTI ae cb Phe Sa ei oC ee West Lafayette. 
“o> LEN TST SORA So Fao A An a Terre Haute. 
PRA OMe nett Ske Da soe cieyeic oe a 6% West Lafayette. 
Rberwtabe ys Cerin Bled etn Oeil a! RS le he ne sds Lafayette. 
Lien Bs gH Lied PSE a a 7a on A a Urbana, III. 

HAV eel Chivine cuneate Ree ers ro. Ae cig Rew dare aD West Lafayette. 
Ee rie Exriclennsete rn eee Uo Sie A ABO RES ale aks Indianapolis. 
LEE eg GIS EGG) oro) 2) a re Terre Haute. 
brain initiograwn St OSes es hea ns Aisin oa ae Lyons. 

VED ST CE IGN ee ae West Lafayette. 
MPCtS OE, VAMP SROEMS 6 00 O86 a oe vials nea meee ae Vincennes. 

0 USS EG 22 Bloomington. 
CUD Gey SG POPP eel Fe ae Borden. 

UPL ee a ae Berkley, Cal. 
PAeBEeS VIN CIeLOME Sere TE ties ye ye. kee dct ie esd West Lafayette. 


Rem AIOU HW EMIT Be sO.EF Yah fije as ooo ax ow avert ae Indianapolis. 
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Pee Mn Cre ein Actrta dua tiie. so Ss a tetegts Sea ees Indianapolis. 
Richard-bashop MoOore: sf). 22s bess ape See eee Indianapolis. 
PMN eI CIO NE Seta Gein. nec bye Be we SRR RE Re Crawfordsville. 
Hired OMMMneniCroe aes chev e. sec ces sce Fee hovece Rees Terre Haute. 
(CLUS ALIS =) J Bee 11 asd ne Be ep Sane cere ed Indianapolis. 

Dio mmeEONeOWSOMI Pcie che oe ac se oe ee se re eR Stanford University, Cal 
lpeeaMaeuwicin dee cette (<i os cs eke <i os sews HN OURe nD ame. 
PaO Clin aRiiea ene 4 on ope ee ee ws les Sass Franklin. 

UR CUCL TRA ROE ie oe, Od i Indianapolis. 
Bualigiels: (Ole tena gee rr edettn go Poke Sioie,c vis Bios Greenwood. 
SRC SMA CE TICE’. 5 celle wii Peck. (ee apeaye’n A sate ee 2 1s oe Ft. Wayne. 

(Ce, ANS LRYey6 Kalo) a owed te, ech ag ecient RCO ea rurc ya ae Crawfordsville. 
Dee ewe tb yiors 2 ohh eins inks yet es ae ne ea = ese wae ee Syracuse. 

UF eyihod ea) ea 10 06 (eR ce op a Emporia, IXansas. 
Soulless) Bel ha of Los De ea oa EOC Sey Oy rage Decorah, fowa. 
eer em OMerER 4. See os vee a eee eis Lafayette. 

emetic Rie aeibiilice « Mythiet nei, es nate ook ott eet ape one Crawfordsville. 
PACH SEIU ACS. pA ty A Si nic, «acs tp eedr ester gees 2 » bbe oC, MUL: 
VUE) 5 0 ee Sa eS a Lente tenes Satori es Bloomington. 
(OULCE TFS G6 09 Vinh) 0101000) a Th en E Bloomington. 
Peter MMA E UG, bigs SP RIWE) Sroca boi corel css, csp eee Oop wie Indianapolis. 

ile TSS SUSTRIN Cy Riel ge Jee Dy Pe ae Rot Etro Re eam fia Madison, Wis. 
06 A ELS a Pee Aor nL Re a re ee rE eT eS ar Pacific Grove, Cal 
PISSTe AUTON A OMG Mee! S onviet a wre, cpectyes ravtep-Pedoue lee ... Bloomington. 
ib. R. Smith... ..... F AYIR shag sac days Raat ogi ca Indianapolis. 

As AMES IS eye KG CRG ieee Store cee bieeeaee SF ey ge Indianapolis. 

ay hiis DANN LOT... Sci steven tt Bele harcue a 3e Tee len Rae cee odie Logansport. 
AIDEEUIV sD OINPSOM « pecet? wore say he Atlas og, aoe Owensville. 

Wer Pe Murer’ mel det pe thecl aac eh bats oe oot eaelnpete eeees West Lafayette. 
Wiss: Vian Gorden: i scam tbrs ve ®, onic, o.oo a ed ee oe Worthington. 
EIB VOGLER. 3s ec peers ns ake epee top aoe areata Ft. Wayne. 
Bram BSW CLE est Ca drog Mines oie sew, aes. et .. Indianapolis. 
DAMIel WEI Joh iey angles sca me oa Rie Indianapolis. 

INS ol Dem WA cull oeeebe clesthc sent chew ke oem ERS eats MT bi Connersville. 
Herbert Milton WOOUen a ice selec swaths noe os Indianapolis. 

ME PNY IRE: 2 tase Be cet erage ate jos acs 2 Sepia tan etarn age Indianapolis. 

CEI VREN (Coy Vici eRe aa Ae RE oe oe eee eI West Lafayette. 


Bee) ey OULU os eet ets AN 2 Gna seta ed tora aps Sena ges West Lafayette. 


it 
Cons TOSI aa clei » wth 00 2 a rer re Hyattsville. 
emeCHISC Pty Pom) ere EE ee cc ice a ees Palo Alto, Cal. 
OO. TEENS Sc a ee 3 le .. West Lafayette. 
Tb BE GS es ey ears ar hee ee Bloomington. 
Hellowsmnesin Gnlucgom tc eee. cpr 28 int hashes Ae be 48 
ellos sem OneuesiG eniin memeeete rs yee .Uo-), yee beam 10 
Members taCulne reset tenet Meee 8,6. boot. ah Oho Pees hae 131 
Wemibers) MONeeSIG@e@Miba cs 4 te «sso ica. Se Bene oy 
TRONS Fo, Sli cies 3 Ea ee is 7s a a US UE 214 


Nors.—For list of Foreign Correspondents, see Proceedings of 1904. 
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PROGRAM 


OF THE 


TWENTY-FOURTH ANNUAL MEETING 


INDIANA ACADEMY OF SCIENCE, 


PURDUE UNIVERSITY, LAFAYETTE, INDIANA, 


NOVEMBER 26. 27 AND 28, 1908. 


OFFICERS AND EX-OFFICIO EXECUTIVE COMMITTEE. 


GLENN CULBERTSON, I resident A. J. BIGNEY, Assistant Secretary 

A. L. FOLEY, Vice-President G. A. ABBOTT, Press Secretary 

J. H. RANSOM, Secretary W. A. McBETH, Treasurer 
DAVID M. MOTTIER D. W. DENNIS J.C. ARTHUR 
ROBERT HESSLER C. H. EIGENMANN O. P. HAY 
JOHN 38. WRIGHT C, A. WALDO T. C. MENDENHALL 
C. L. MEES THOMAS GRAY JOHN C. BRANNER 
W. S. BLATCHLEY STANLEY COULTER J. P. D. JOHN 
H. W. WILEY AMOS W. BUTLER JOHN M. COULTER 
M. B. THOMAS W. A. NOYES DAVID S. JORDAN 


All sessions of the Academy will be held in the Chemical Building on the campus of Purdue University. Rooms 
will be provided in this building for the Secretary and other officers, and for committees. A general lounging room 
will also be furnished. 


ENTERTAINMENT. 


Arrangements have been mude to care for those attending the Academy in fraternity houses within two blockz 
of the University grounds. A very low rate of $1.50 has been secured for supper on Iriday night, night’s lodging 
and breakfast on Saturday morning 

On Friday noon a lunch will be served at the University for 50 cents 

Those desiring to have accominodations reserved for them should notify Dean Stanley Coulter at once. 

All attending the Academy should report at once at the Chemical building, where their reservation will be 
given them and they will then be shown to their lodging places. 


PROGRAM COMMITTEE. 


M. B. Thomas, Crawfordsville C. H. Eigenmann, Bloomington 
Glenn Culbertson, Hanover 


LOCAL COMMITTED. 


Stanley Coulter Percy N. Evans 
C. H. Benjaman 


GENERAL PROGRAM. 


THURSDAY, NOVEMBER 26. 


Meeting of the Executive Committee at the Lahr House................cccceeeeeeeeeeereecenes . 8:30 p. 


FRIDAY, NOVEMBER 27. 


CHEMICAL BUILDING. 


LEE EN AE SESSION MM Mee Te ae art pt ariiy avecctsToyatele cotati tay ah say svaveis Mavs in #ahe gts, oiePer ei vere <syGreMeyevals anenetevorerarg 9:00 a. 
ECRTOEUIIRE NC OLESS Teme aeer IN eye Nea te na aeorn ea aya arcieytisssiavs ost hem siteetren oie dicen ave See olan ade 11:00 a. 
errarieLibeutatite aU MI Versityee yeaa se sen c Mertch slovak arctan so) siavavs/ehastas ie) olpeagst Sarre, She STR ee cong sls h Dian 
Inspection of University and Exhibits......................... PA eee i Ge ola See 1:00 p. 
SECC MGCL Ss cane bin eee cae Godlotairy dee ch ch Braid Re EOE c ie ie tA PR 2:30 p. 


Lecture and Demonstration--High Frequency Currents. By Professor H. T. Plumb, Associate Pro- 


fessor of Electrical Engineering, Purdue University. Lecture Room, Electrical Building........ 8:00 p. 


SATURDAY, NOVEMBER 28, 


CHEMICAL BUILDING. 


Generali sesslonitollowed iby OeChiOns MECH. cpeiererls oc overs = +, 0.0/0 5,0 cfovera araie's eyoie,crsuerere mi creya:oraierexs aisle 9:00 a. 


Round Table. 


PAPERS TO BE READ. 


m 


m, 
m. 


Me 


At eleven o’clock November 27 the Academy will hear the address of the retiring president, Professor Glenn 


Culbertson, on “Deforestation and Its Effects Among the Hills of Southern Indiana.” 


GENERAL. 

1. Work of the Pathological Laboratory of the Central Indiana Hospital for the Insane, 15m.......... 
AF 8 GIS Spe SPP LOS BRC OI OEE IE Re cue ee : ; : : _. Dr. Geo. F. Edenharter 
* 2. New Species of Birds in Indiana, 10m................ Re ee okie ae eee Le AINOSP Butler 
* 3. The Recent International Congress on Tuberculosis, 10m.......................---.- Severance Burrage 
* 4. Biography and the Influence of Environment, 15m..................--.200.eeeeeeees Robert Hessler 
* 5. Felkner Island, Wabee Lake, Kosciusko County, Indiana, 10m. . Aigner ..J. P. Dolan 
GampAU Strange NUESes OMe von. cily seme ieaocies 6 20 c ste _ EERE Se era mh tent hte SOME ae ay A. J. Bigney 

* 7. The Shake Dance of the Quilente Indians, with drawing, by an Indian in the Indian School. Pre- 
BEN CCUM VME MET ere sp Nc: Alc assald vie araucte ota cesar eaten elavsie ales Seams Oe Albert B. Reagan 
* 8. Invasion of School Building by Bed Bugs, Acanthia Hirundinis, Parasites < on Ghar Swifts. H. E. Enders 
* 9. Photographs of Morehouse’s Comet, 1908 (lantern)....................-.00+e+eeee ence W. A. Cogshall 
al Om selective: ertilization Among: NisheS). s...c.. 06002 se cee ware esse dea sere selene _..W. J. Moenkhaus 
*11. Nature Study....... PR trys fan Potihovatt ciate Gace trauisn cel SHAS SANA pac aoaralh ietaerceee eee eee ates J. G. Coulter 

BOTANY. 

* 1. Field Observations on Rusts for the General Botanist, 5m.............2.00-- cess cece renee J. C. Arthu 
PEO MALE MEVIBES Of EIMOtMVA LOD to herstec.ye lars. « coat ePepevelty alent ote spns.e/siesavole siarevan «5 me Senos weet eb ern 
+E eee Notes on the Heteroecious Rusts’ of Indiana; 10m). .............. 200.2 00es ees nes anes Aaron G. Johnson 
aA eoome Anomaliesnin the, Hndosperm Of PINUS; OM... ..2- ..0+s cass case enee rows guste ease D. M. Mottier 
aa hme OVES OM the SeEdless PErSIMMON OMe e:ecets a aye.e)onels-0,4. see wicias neg vie enone mee wale reel eye Win. L. Woodburn 
Bap SeAGEreliminany dist o1nhe Duneivon indiana DMs ceca. a ciccye a sels eaaelde eee serlsts ele J. M. VanHook 


*Papers read, 


*10. 
slits 
¥*12. 
*13. 


*15. 
*16. 
live 


* * # 


CoS tae 


Or Sak 


esting seed Corm Dy Specitic, Gravity: ole ety oe et tis onsen once wi Sicle2.) o ctw ae te a ene H. A. Dunn 
Notes on the Flora of Cass County, Indiana, 10in........... 0.2.2... 20. eee ccc sees Robert Hessler 
BeanrAn thracnase: Ons. <2) 5.5% - sesaayscieotctente seats ciel ite cae le os hed: Ree ee ae M. F. Barrus 
Mndopby tie Al eessal Ommlye ys, A ce cteta ENC restese ler ckeae Mena reese ove eTn Srv rere) Sage cian EE Jacob Schramin 
Reportior WorkineCorn Pollination ;om.44.c)c cee ceeds ian anielt ce ea ceee ap ee eee M. L. Fisher 
Effect of the Recent Drought Upon Forest Trees, 10m..................-0000--eeeeeees Stanley Coulter 
Difference Between Pinus taeda and Pinus palustris, 10m.....................22... Katherine G. Bitting 
Am Rorestehroblem=¥LOiie a) Seamer sc eet aero eis caastel-or ae tA Ricescn ae na ee da aaa W. H. Freeman 
IBOLanVEinaineReehiscriool al Onike tee vet Motes omc od Aa ee mas 22s kare rae eter E. C. Snarr 
The Killing of Mustard and Other Noxious Weeds in the Grain Fields of South Dakota, 10m....E. W. Olive 
heyblankton ofan (Underground | streamin. cl, oo. cree oe he asia 5 ysl so. crsrete ht ee a Will Scott 
Anthracnose on Cereals and Grasses.............-.....-5. ..-+e+......-A. D. Selby and T F. Manns 
CHEMISTRY AND MATHEMATICS. 

‘She Meyer Moleculan Weight Calculation, LOm... 05 owe. ee eas cette stance eco etnsle eee Percy N. Evans 
The Vapor Pressure Method of Determining Molecular Weights, 15m...................... J. B. Garner 
Reaction of Sulphurie Acid Interpreted Upon the Basis of the Electrolytic Dissociation Theory, 10m. . 

5 Se Er rt EE OE tee elie eae, Nd yh Bes ech ne 15/0, ae nn Tees HEC Sel - Me A. Ruth 
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*Papers read. 


EXHIBITS AND DEMONSTRATIONS. 


All of the laboratories of the University will be open for inspection during the session of the Academy and 


from 1:00-2:30 on Friday members of the Instruction Staff will be present to explain apparatus and methods of 
work, 


Some special exhibits will be made as follows: 


TESTING LABORATORY OF THE MECHANICAL BUILDING, 


In the Timber Testing Laboratory will be demonstrated the methods used in the Forest Service for testing 
wood. 


CHEMICAL BUILDING, 


Exhibit of Literature and Apparatus used in the fight against Tuberculosis. 


AGRICULTURAL BUILDING. 


The Departments of Agronomy and Extension Work and the State Chemist will make exhibits in the Soil 
Physics J.aboratory and the Agronomy Class Room. 


The Department of Agricultural Engineering will exhibit in Room 201. 


The Department of Animal Husbandry wili exhibit micro-photographic work, hog cholera vaccine and other 
research work in the Veterinery Science Laboratory and Museum. 


HORTICULTURAL LABORATORY. 


Exhibit of appliances used in spraying infected plants. 


DAIRY LABORATORY. 


Exhibit of appliances used in the care of dairy products. 


« 
UNIVERSITY FARM. 


Exhibit of experimental feeding work, the dairy herd and various breeds of sheep and hogs. 
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THe Twenty-FourtH ANNUAL MEETING oF THE INDIANA 
ACADEMY OF SCIENCE. 


The twenty-fourth annual meeting of the Indiana Academy of Science 
was held at Purdue University, Lafayette, Indiana, Thursday, Friday and 
Saturday, November 26, 27 and 28, 1908. 

Thursday evening the Executive Committee met at the Lincoln Club 
and transacted the business coming before them. They directed the Sec- 
retary to request of the Legislative Committee, having the matter in 
charge, the doubling of the appropriation for the Academy. It was voted 
that the next meeting be a celebration of the twenty-fifth anniversary of 
the founding of the Academy and that an attempt be made to bring to- 
gether all the educational interests of the State, as well as to have present 
all the living ex-Presidents of the Academy. 

At nine o'clock Friday morning the Academy met in the chemistry 
building at Purdue. President Culbertson presided. The transaction of 
business and the reading of papers occupied the attention of the meeting 
until eleven o’clock, when the President delivered his address on “De- 
forestation and Its Effects Among the Hills of Indiana.” 

At noon a luncheon was served on the top floor of the chemistry build- 
ing, followed by an inspection tour of the buildings of the University. 

On reconvening at two o’clock a short business meeting was held, after 
which papers were read in sectional meetings. In the evening Professor 
H. T. Plumb, of the University, delivered an interesting lecture on the 
subject of “High Frequency Electric Currents.” 

Saturday morning at nine o'clock the Academy reconvened and com- 
pleted the reading of papers and the transaction of business, adjourning 
at eleven o’clock to meet in next annual session at time and place selected 
by the program committee. 


PRESIDENT’S ADDRESS: 


DEFORESTATION AND Its Errects AMONG THE HILL oF 
SouTHERN INDIANA. 


3y GLENN CULBERTSON. 


No region of America, east of the Rocky Mountains, was in the past 
more densely wooded than were the hills and valleys of southern Indiana. 
Some of the most magnificent specimens of the temperate latitude forest 
trees found a suitable habitat along the crests of the divides, and upon 
the valley slopes of the Ohio River and its tributaries. Very few un- 
wooded areas were found among the hills of southern Indiana, and such 
as were present were not large. 

The “flats” or “slash” lands, forming the watersheds between the Ohio 
and the Wabash and their tributaries in many parts of southeastern In- 
diana, were occupied largely by the sweet gum, or liquidamber, the black 
gum, beech, shell-bark hickory, black-jack and red oaks, red maple and 
hackberry. 

On the gently-rolling land and among the hills the yellow poplar, white 
and chinquapin oaks, the black walnut, sugar maple, beech, hickory, buck- 
eye, black locust, linn or basswood, the white and blue ash, and on the 
still more precipitous and rocky ridges the chestnut oak and cedar, were 
found. 

In the rich alluvial bottoms, and along the streams, in addition to 
many of the rolling land trees, were present in their greatest luxuriance 
the elm, the cottonwood and the sycamore. Many of these trees were 
among the giants in dimensions. There were yellow poplars from one hun- 
dred to one hundred and twenty-five feet in height, and from twenty 
to twenty-five or more feet in circumference. Sycamores grew along the 
larger streams and in the river bottoms, of such dimensions that their 
hollow trunks were sometimes used as rude dwellings and as stables. 

White oaks and black walnuts grew to such size and in such profusion 
that were they to be had now, in their original numbers, their value would 
be twenty-fold greater than the present value of the land from which they 
were cut. 
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To clear the ground of such a forest growth, the pioneers had indeed 
a difficult task. After a generation of fierce fighting on the part of our 
fathers that they might overcome their then common enemy, the forest, 
it is not at all surprising that it is even yet difficult to bring the present 
generation to a proper realization of the benefits of the living forest. 
All appreciate the value of the timber, but very few of the people realize 
the benefits of the forest to the country at large; nor do they yet under- 
stand the methods by which forest lands may be made as profitable as 
cultivated areas. To cut away the trees, and to bring the land under 
cultivation, appears to be the great purpose of the majority of those still 
possessing a few acres of woodland. To such an extent has the work of 
deforestation been carried on, even among the hills of southern and 
southeastern Indiana, that less than ten per cent of the original forest 
areas are still left intact. Those portions of the original forests yet stand- 
ing have in the greater number of instances not more than 30 per cent of 
their former number of trees. 

Contrary to what might have been supposed, a larger per cent of the- 
steep hill slopes has been cleared than the land of the more level regions. 
The slopes of the higher hill lands, such as are found in portions of Clark, 
Jefferson, Switzerland, Ohio, and Dearborn counties, and to an equal ex- 
tent in the river counties to the southwest and in the adjoining State of 
Kentucky, have been almost entirely denuded of their forest growth. 
Here and there, however, on land that has become valueless for agri- 
cultural purposes, nature has begun to repair the general destruction, and 
a scattering growth of bushes and young trees has sprung up. 

It is the purpose of this paper to treat of some of the questions, geo- 
logical and meteorological, as well as economic, arising from the defor- 
ested conditions found in the hills of southern Indiana. Special study. 
however, has been made of the regions comprised in the basins of Four- 
teen Mile, Indian Kentucky, Indian and Laughery creeks and the smaller 
streams emptying into the Ohio River in Clark, Jefferson, Switzerland, 
Ohio, Dearborn and Ripley counties. What may be said of this general 
region is largely applicable likewise to other localities with approxi- 
mately similar conditions. 

One of the most striking effects of the deforestation of this region 
has been upon the “immediate run off” of the streams. As could have been 
predicted, the amount of this “immediate run off,’ for any given precipita- 
tion, has rapidly increased as the forests have disappeared. The volume 
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of the flood waters of the streams has year by year kept pace with the 
destruction of the wooded areas. This has been notably true of the vol- 
ume of the different tributaries of Indian Kentucky Creek, which has come 
more immediately under my observation. Within the last ten years these 
streams have repeatedly had record-making floods. 

It has been estimated that, upon all the lands of the earth, some 36,- 
000 cubic miles of water fall per year, and that of this amount some 6,000 
cubic miles finds its way into the sea by way of the rivers and streams. 
Thus the annual average run off from the lands is approximately 16 per 
cent. The average “immediate run off’ of such streams as obtain their 
water supply from the hills referred to in this paper must have varied 
enormously with the change from the completely forested condition of the 
past to that of the present. Then, there was a universal leaf mulch, and 
a deep, porous soil, filled with roots and decaying vegetation. As com- 
pared to that, there is now a compact sod, a shallow and very compact 
clay or a rock surface. The average annual “immediate run off” from 
these streams today is at least 50 per cent greater than that from the 
same regions under the forested conditions of the past. 

One of the most apparent consequences of the greatly increased “im- 
mediate run off’ is the gradual lowering of the ground water level in all 
portions of the State and especially among the hills. As the ground water 
level is lowered the flow of springs and of wells is stopped, or very much 
reduced, in time of drouth. At no time in the history of southern Indiana 
and northern Kentucky have springs and wells so completely failed as has 
occurred during the season just past. Water for family use and for stock 
has in hundreds of instances, and during many weeks, been obtained from 
distances of one or two miles. The water supply in villages and small 
towns became very limited or gave out entirely. In many parts of the 
State, even at a distance from those portions having a rough topography, 
wells are being driven to greater and greater depths in the endeavor to 
obtain a permanent water supply for mills and factories, as well as for 
farm animals. These unfortunate conditions may properly be attributed 
in large part to the greater immediate run off of the rainfall resulting from 
deforested conditions. 

That deforestation in general, and in the regions referred to in this 
paper in particular, causes a decrease in the total precipitation can hardly 
be doubted. The problem of the influence of forests on precipitation is 
one not easily solved, and is one which has long troubled investigators. 


30 


It appears to the writer that both theory, and the observation of the 
phenomena, substantiates the statement that deforestation greatly influ- 
ences the rainfall. 

It is not probable that the ordinary winter and spring precipitation is 
to any extent affected by the presence or absence of forest growth. That 
the summer and autumn rains are often greatly modified, on the other 
hand, can hardly be questioned. 

In the first place, the presence of a heavy leaf mulch, and of the very 
porous and highly-absorbent soil of a forested area, is a sufficient guaran- 
tee that at the beginning of the hot season the soil shall be filled with 
moisture from the winter and spring rains. Under the present deforested 
conditions of the hill lands the immediate run off is so great, because of 
their compact and rocky surfaces, that it is at least questionable whether 
the ground is ever fully saturated, even at the beginning of the summer 
season. Moreover, if such a compact soil were saturated, capillary action 
would cause a very rapid evaporation during the first few weeks of warm 
weather, and hence greatly diminish the supply of ground water before 
midsummer. 

Given, however, the soil and subsoil of a forested region thoroughly 
saturated with water at the opening of the hot season, the leaf and loose 
soil mulch effectively stops evaporation resulting from capillary action. 
The ground water then is largely conserved until drawn from the soil by 
means of the roots of the forest trees, and evaporated from the leaf sur- 
faces later in the season, when the trees need the moisture for growth. It 
is a well-known fact that the evaporation from the leaf surfaces of the 
greater number of trees in a moist climate is very important. Carefully 
conducted experiments have shown that from the leaves of a birch tree 
of moderate size, from 600 to 900 pounds of moisture is evaporated in 
twenty-four hours, and that from a large elm there may be given to the 
atmosphere as much as several tons in the same period. The amount, 
however, varies very considerably with the atmospheric conditions. It is 
a fact of common observation that large trees, such as the oak, growing 
in cultivated fields, so completely take up the moisture from the earth 
that the corn or other crop fails to mature for a distance of many yards 
from them. 

In a forested region the approach of a low barometric area, with its 
accompanying high temperature conditions, in accordance with the laws 


of vaporization, causes a corresponding increase of evaporation from the 
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foliage. Moreover, as the evaporation increases, in the same degree the 
temperature is modified, since the greater the amount of water changed 
into vapor the greater the quantity of heat absorbed in the process. Re- 
ducing the temperature increases the relative humidity of the atmosphere. 
Hence, in two ways the atmospheric conditions are made more favorable 
for a copious and general rainfall at the approach of low barometric areas 
during the hot season. 

It has always been true, perhaps, that many thunder-storms and 
showers during the summer months, and particularly in July and August, 
give moisture to very limited areas. Careful observation during a nuin- 
ber of years has convinced the writer that as the forests have disappeared 
the average territory covered by our summer thunder-storms has been 
gradually and greatly decreasing. Repeatedly during the last few hot 
seasons, and especially during the one just past, the arrival of a low 
barometric area caused the formation of a few thunder-clouds, but these, 
instead of increasing in volume and advancing so as to cover a larger and 
larger region, soon dwindled and disappeared. The failure of the present 
deforested areas to add to the sum total of the general atmospheric mois- 
ture, as the heated conditions of the low barometric area approached, and 
also the failure in the formation of vapor in the given locality, both 
served to decrease the rainfall of the thunder-storm. This was due, first, 
to the lack of a local vapor supply to add to that brought in by the winds 
from a distance, and which is very necessary for the formation of clouds 
in the hot season. Again, when the supply of moisture may have been 
sufficient to form a thunder-cloud, its advance was into a highly heated 
diy region with its low relative humidity. The absence of any considerable 
local evaporation, and the resulting high temperature caused the re-evap- 
oration of the condensed moisture of the clouds and no precipitation fol- 
lowed. 

The weather conditions of the deforested areas during the hot months 
are more and more nearly approaching those of the hot arid regions of 
the west, where a thunder-cloud formed under favorable conditions very 
frequently disappears because of re-evaporation as it advances into a 
territory more highly heated, and of a lower relative humidity. 

In another way also the presence of forests tends to add to, and 
their absence to diminish, the precipitation of the summer months, and 
that is in causing secondary showers after the main storm is over. The 
enormous leaf surface, covered with moisture by the rain just passed. 


causes a very rapid evaporation to take place almost immediately. Hence, 
during the hot months, a number of secondary showers quite often fol- 
lowed a thunder-storm under forested conditions. The old weather adage 
that ‘Fog rising from the hills will soon give water to the mills,” seldom 
failed of fulfillment. The benefits derived from the more gently faliing 
showers following the hard downpour of the thunder-storm in filling the 
soil of the cultivated fields and pasture lands can hardly be estimated. 
It is the moisture from these rains that adds very greatly to the ground 
water, especially on the firmer earth surfaces. 

Again, if it be true, as now appears from records kept during the last 
ten years, that the summer rainfall of the trans-Mississippi states, par- 
ticularly Oklahoma, Kansas and Nebraska, be increasing, it would uphold 
the theory just advanced. In contrast with the naked prairie of the past, 
which had a large immediate run off, the plowed lands of today are a 
much better absorber of moisture, and would inerease very much the ground 
water supply. The early summer cultivation of extensive cornfields would 
tend to conserve this moisture, until the rank growth of corn or other 
cultivated vegetation, with its extensive leaf surface, would add greatly 
to the evaporating surface. This would increase the local atmospheric 
moisture, especially during July and August. Hence, if the above theory 
be true, there should be ordinarily an ever-increasing rainfall during those 
months year by year, just in proportion to the area of original prairie 
land put under cultivation. If trees were more extensively planted, the 
results in increased rainfall should be marked to the same degree. 

In résumé, we may say that theory upholds, and observation sub- 
stantiates the statement, that deforestation greatly increases the immedi 
ate run off, and as greatly decreases the ground-water supply of a given 
region. It is equally true that the absence of forests seriously decreases 
the evaporation, and the amount of vapor in the atmosphere, during the 
hot months. Again, the absence of evaporation permits of higher local 
temperatures on the approach of low barometric areas and hence the rela- 
tive humidity of the atmosphere must be lower. All tend toward the re- 
duction of the rainfall during the late summer months, when of all times 
it is most needed for the growth and maturing of vegetation. 

Furthermore, we believe that it can be shown that deforestation has 
a tendency in a region of rough topography, such as is found among the 
hills of southern Indiana, to localize the hot season rainfall, and to pro- 
duce conditions approximating those of the so-called “‘cloudbursts” of the 
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Rocky Mountain regions of the West. A case in point occurred during the 
past summer in the latter part of July over an area of some six or eight 
square miles along the divide between the basins of Indian Kentucky and 
Indian creeks and their tributaries, in eastern Jefferson and western 
Switzerland counties of this State. The rainfall in this case was un- 
precedented for the region. On one border of the given area a government 
rain gauge, kept by J. R. Shaw, Jr., was filled to the brim, the measure- 
ment amounting to three and one-half inches, and then ran over for an 
unknown period. Afterward the gauge was emptied and received one and 
one-half inches more, making at the least five inches, and probably mmch 
more, in the period of two hours during which the rain fell. Other and 
more reliable measurements in locations more nearly the center of the 
storm area were made and a precipitation of at least ten inches in the 
two-hour period were recorded. 

The conditions producing this exceptional and very destructive rain- 
storm were as follows: ‘The region to the west and southwest of the 
storm-swept region is one ot the roughest topographically in southern In- 
Giana. The whole area for ten or twelve miles in this direction forms 
the basin of Indian Kentucky Creek and tributaries, and the hills rise 
in many instances 400 to 450 feet above the valleys, and the slopes are 
yery steep. From the whole basin the forests have been almost entirely 
removed. On the day referred to the temperature was unusually high, 
some thermometers within the area registering 102 degrees in the shade. 
There was no movement of the air until early in the afternoon, when a 
gentle southwest wind arose, and this caused the highly-heated air of the 
whole region to move northeastward. The valley of Brushy-fork Creek, 
one of the principal tributaries of Indian Kentucky Creek, became the 
center of the air movement. About three in the afternoon a cloud began 
to form above the divide and around the head of the valley of Brushy-fork 
Oreek. The highly-heated air ascended very rapidly on reaching the divide, 
and the consequent rapid cooling of the air by expansion caused an equally 
rapid condensation of the moisture of the air. The cloud increased in 
volume with very great swiftness, and the rain fell in torrents, first over 
a very limited area and then over a wider region. The center of the storm, 
however, instead of moving, as is usually the case, remained almost sta- 
tionary for a period of two hours. During this time the winds from al- 
most the entire surrounding region moved slowly towards the now en- 
larged area of precipitation. There were few if any clouds outside of 


34 


the six or eight square miles covered by the storm, but the hot air from 
the proximity, on reaching this area of rapidly rising atmosphere, con- 
stantly added its moisture to that being condensed, with the result that 
for two hours the downpour continued. This very unusual precipitation 
proved exceedingly disastrous to the soil of the cultivated fields, and to 
the roads and bridges as well as to property of all kinds along Brushy- 
fork Creek and the larger tributaries of Indian Creek. Both of these 
streams were several feet above any previous record. Where a few mo- 
ments before there were dry, rocky creek beds, now became a wild flood 
from six to ten feet in depth and from 300 to 500 feet wide. Buildings 
were carried away that had seldom or never been touched by previous 
floods. 

In the opinion of the writer this cloudburst, which in truth it was, 
was caused by the intense heating cf the deforested region of very rough 
topography to the southwest, followed by the gentle movement of great 
volumes of heated air in a northeasterly direction, until in its passage 
over the divide it rapidly ascended. 3ecoming cooled in its ascent, the 
enormous quantity of moisture held in the highly-heated atmosphere rap- 
idly condensed, and the unprecedented rainfall for that region followed. 
It may be years before conditions of temperature, moisture and winds 
would unite to produce another such storm in the same locality, yet the 
probabilities are that in the future such rainfalls will become increas- 
ingly frequent somewhere in such deforested areas of rough topography. 

From observations in the Rocky Mountains of Colorado and Wyoming, 
the cloudbursts of those regions are formed under essentially similar con- 
ditions, so far as the absence of forests and areas of highly-heated air are 
concerned. In the mountains, however, these storms may be more intense, 
and more frequent, because of the greater height of the divides and the 
almost entire absence of vegetation or even of any considerable mantle 
of soil. 

Observation of the hill region of southern Indiana compels one to 
believe that as the forest growth has disappeared such storms have _ be- 
come more prevalent. Excessive rainfall occurs over limited areas, while 
drouth conditions prevail over the surrounding country. In the one place 
of rainfall the destruction caused by the flood may be even more dis- 
astrous than the continued drouth over the nearby territory. 

The effect of forest destruction upen streams has often been described 


and need not be dwelt upon in this paper at any length. In the area 
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ot hill lands of southern Indiana there can be no reasonable doubt that 
as the trees have been removed there have been greater and greater floods; 
and now as the forests have almost entirely disappeared the floods have 
become exceedingly destructive. Dwelling houses that had stood above 
the highest waters of the streams for half a century have, within the 
last decade, since the higher prices for timber have caused the more 
vapid disappearance of the trees, been inundated repeatedly and many 
of them carried away. Bottom lands that twenty years ago had a deep 
and fertile soil are now almost worthless. The flood waters have carried 
away the greater part of the tillable earth and left in its place stones and 
gravel. In other places the alluvium of the bottoms has been covered 
by material from the hills. Thousands of acres of such land, which a 
few years ago was the most fertile and valuable in the State, are now 
undesirable. 

Hand in hand with the flooded conditions and consequent destruction 
caused by the larger streams has gone the loss of soil by erosion from the 
deforested hill lands. It is no exaggeration to say that, from the greater 
number of hill farms placed under cultivation a quarter of a century ago, 
there bas been removed on the average a foot of soil, and from many 
slopes there has been taken three or four times as much. Tens of thou- 
sands of acres of the steeper hillsides have been denuded of their soil 
covering and are at present valueless for ordinary agricultural purposes. 
How to prevent this denudation is the most serious problem that the hill 
farmer has to solve. In many cases a single heavy rain in February or 
March, when the departing frost has left the ground in its least compact 
coudition, has been known to remove from a whole slope an average of 
four or five inches of the soil. Fields that before the rain were consid- 
ered good farming land were left so covered with rocks, and with so little 
soil, that they were practically abandoned. Farmers among the hill lands 
are realizing more and more that a loss of soil is the most serious of prop- 
erty losses, since a damage of this character cannot be repaired except by 
the ordinary processes of nature, which require scores and even hundreds 
of years. Farm after farm in southern Indiana, considered very valuable 
thirty years ago, is practically deserted today. The population of this 
region first occupied the hills, and considered the soils of the flats and 
divides very undesirable. For many years now, however, the tide of move- 


ment of the people has been from the hills to the flat or gently rolling 
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lands. As a result the population and wealth of many of the hill counties 
have been gradually and greatly diminishing. 

Many of the streams, flowing down steep beds in their short courses 
from the divides to the Ohio, at one time furnished valuable water power. 
They are now useless. Were it possible to control such streams as Four- 
teen Mile, Indian Kentucky, Indian and Laughery creeks and many others 
in Clark, Jefferson, Switzerland, Ohio, Dearborn, Ripley and other coun- 
ties in southern Indiana, very valuable water power could be obtained. 
Under the present condition of floods and drouths, however, they are 
valueless aS a source of power. Streams that thirty years ago furnished 
abundant power for mills during ten months of the twelve now are even 
without flowing water for almost half the time. 

The alternate floods and drouths have had a serious effect also upon 
the animal life of these streams. ‘The great volume of muddy and rap- 
idly-flowing water sweeps thousands of the smaller fish from their proper 
habitats into larger pools, where they become a prey to their own kind. 
On the other hand, drying up of the pools of almost every small and of 
very many of the larger streams causes the destruction of the young of 
our most valuable game and food fishes as well as of minnows and of 
crayfish upon which the more highly-prized fishes feed. In the flooded 
streams following the unusual freshets of March and April of the present 
year bass and other species of fish ascended the smaller streams almost 
to their very sources for the purpose of spawning. The severe drouth of 
the late summer and autumn months dried up the pools and caused the 
death of such quantities of the young fish and other animal life that the 
odor of their decaying bodies was very offensive to persons dwelling along 
the streams near the pools. It would be quite within the truth to say that 
several wagon loads of minnows and the young of our food fishes thus per- 
ished this season in the tributaries of Big and Indian Kentucky creeks in 
Jefferson County alone. Some of the young bass were removed to larger 
pools, but thousands upon thousands were destroyed. It would seem al- 
most useless to restock our streams with bass and other valuable food and 
game fishes if the periodic floods and drouths are to continue and to grow 
in magnitude and severity. 

The points already discussed represent but a part of the evils result- 
ing from deforestation among the hills and valleys of our southern coun- 
ties. We need not speak of the more manifest economic phases of the 
subject, such as the failure of the timber and the fuel supply, and the 


higher prices resulting. Enough has been said to convince all that the 
only hope for the future prosperity of great areas of our State lies in re- 
foresting. In the first place, reforestation should be urged upon the 
present land owners. Many an acre of untillable soil could be planted in 
black locust, catalpa, black walnut or shell-bark hickory with good pros- 
pect of speedy returns upon the investment. Wealthy men, interested in 
the preservation of game or fish, should be encouraged by favorable laws, 
or otherwise, to purchase large tracts of the hill lands of the State, and 
to plant them in timber. 

Our State has already made a good, although very small, beginning 
in forestry. In the writer’s opinion it would be the highest economy for 
the commonwealth to purchase and reforest tens of thousands of acres of 
her rougher hill lands along the Ohio and other streams. These lands are 
almost valueless for agricultural purposes. Covered with a growth of our 
most useful trees, they would in time return a rich revenue to the State; 
they would again become covered with soil; the present unsightly and un- 
profitable gullied fields and yellow clay points would disappear; the loose 
soil and leaf mulch resulting would again absorb great quantities of 
moisture, reduce the immediate run off, and hence diminish the volume 
of the flooded streams. At the same time the ground water supply would 
be greatly augmented; our late summer rains would be more numerous 
and more copious; wells and springs would be more permanent and give 
larger volumes, and our most severe drouths, destructive to all life, 
prevented. 

The probabilities are, however, that private enterprise alone will 
never restore the forests to our hills as fully as the best interests of the 
people demand, hence the State and Nation must be called upon to take a 
leading part in reforestation. 
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Work or THE PatHonocicat, LABORATORY OF THE CENTRAL 
Inpiana Hosprrau ror [ysane, INDIANAPOLIS. 


By Dr. Gro. F. EDENHARTER, SUPERINTENDENT. 


The time allotted to review the work of our Pathological Department 
barely permits even a brief presentation of its policies, methods and _ re- 
sults. 

It should not be inferred from the name that the work therein is 
purely of a pathological character, because in addition thereto all methods 


of clinical investigation—psychical, physiological, chemical, bacteriolog- 


ical, ete—are employed. 

This department had its inception in a desire to establish the work 
of this hospital upon a scientific basis—to provide our medical staff with 
facilities for the accurate determination of the character of the diseases 
met with in institutional life. 


a medical 


It was also our ambition to create a scientific department 
center—for the use of the physicians and medical students of the State, 
wherein the diseases of the mind and nervous system could be clinically 
studied and, if possible, to determine their cause and formulate methods 
for their prevention and cure. 

We recognized that ultimate success in preventing and controlling 
these diseases could only be achieved by providing every community with 
practitioners who had been thoroughly taught the most approved methods 
of care and treatment of the incipient stages in these cases, and this in 
connection with a close clinical study of the various forms of insanity. 

We knew that the greatest opportunity for successful results pre- 
sented itself in the early stages of these maladies and therefore determined 
to exert our energies in an endeavor to provide facilities for the educa- 
tion of the individual who expected at some future time to assume the role 
of a family physician. 

Students who interest themselves in this specialty are urged to visit 
this department, where every effort will be made to assist them in obtain- 
ing a knowledge of the laboratory and clinical methods in vogue. 

When requested, our pathologist properly directs their efforts in re- 
search in any desired direction. 
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Our expectations for this department are gradually being realized, and 
it is with a feeling of personal pride that I am able to make the state- 
ment that this hospital is today presenting to the students of the medical 
colleges of Indiana a course of lectures—didactic and clinical—concerning 
the diseases of the mind and nhervous system, their cause, pathology and 
treatment, unsurpassed by any educational institution in this country. 

We believe that yeu who are at all conversant with the facts, recog- 
nize the many serious obstacles to be overcome in inaugurating and prose- 
cuting work of a scientific character in public institutions. 

In the very nature of things there must be many plans, and many de 
feats, and in the end, when the decisive battle is waged, you may achieve 
one victory. 

It is the hope that this may be the final outcome of our effort wherein 
we find the sustaining strength to carry the burden. 

It is fortunate indeed that we cannot peer into the future and expose 
to view all the keen anxieties and bitter disappointments which are to 
be our portion in connection with prospective work. 

The building was erected in 1895, and the equipment was installed in 
1896. 

The dedicatory exercises were held under the auspices of the Marion 
County Medical Society on December 18, 1896. At this meeting a paper 
on “The Evolution of the Physiology and Pathology of the Brain and 
Spinal Cord” was read by Prof. Ludwig Hektoen, M. D., of the Rush Med- 
ical College. 

Prior to the appointment of a resident pathologist the hospital staff 
utilized the facilities of this department in making such examinations as 
occasions demanded. They also performed autopsies. 

The first attempt to systematize and direct the work was outlined in 
the following notice: 

“The laboratory work for the staff of the hospital will begin April 
1, 1898. 

“The department is now ready for making examinations of material 
for diagnostic purposes. 

“Each member of the staff should possess a copy of Stirling’s Histol- 
ogy, several dozen glass slides and covers. 

“The study will be from ten to twelve in the forenoon, each member to 
be in the laboratory every other day. 

“Attendance upon this course is obligatory. 
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“When autopsies are made, the assistant physician who had charge 
of the patient shall assist the pathologist in making it.” 

Under the above arrangement the hospital staff was given a thorough 
review of histology, bacteriology, microscopy, chemistry and pathology. 

The sphere of work was gradually broadened. 

I quote from the report of 1900-1901 : 

“Two objects have been constantly in mind in developing the work of 
the laboratory during the past year: 

“Hirst. That of enabling the members of the resident medical staff 
to conduct their study and treatment of the cases committed to the care 
of the hospital with a knowledge of the pathological basis of disease and 
a more intimate knowledge of the structure and functions of the nervous 
system as revealed by recent scientific researches in this field. 

“Second. ‘That of placing upon a thorough systematic and working 
basis the study of the nervous system and organs of those cases upon 
which an autopsy is allowed. 

“In carrying out the former the following methods have been adopted : 

“Hach morning for two hours, from ten to twelve, three members of 
the medical staff are engaged in the study of the normal and diseased or- 
gans. In these morning classes the work is individual and inductive. 
In studying an organ, stained, injected and digested sections are first drawn 
with different magnifications and then descriptions of the same written 
without the aid of books or teaching. The gross anatomy and anatomical 
relations of the organs are then reviewed. When this has been accom- 
plished, a pathological section of the same organ is givens without the 
student knowing its designation. From this drawings and written de- 
scriptions are made of those parts differing from the normal sections be- 
fore studied. This having been done, the pathologist goes over the sec- 
tion with him, correcting the work where necessary and pointing out 
those parts of more importance, and together they arrive at a diagnosis 
of the diseased condition. From the changes found, the student then con- 
structs the gross appearance of the organ thus diseased and describes the 
clinical symptoms which would be most likely present during life in a 
patient so afflicted. The process of reasoning in this work, it will be seen, 
is practically the same as that which the physician pursues in diagnosing 
his case upon the wards; here, however, he starts with the diseased 
organ and builds up his clinical symptoms; there he arrives at the 


changes in his organ from the clinical evidence. Incorporated with this 
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work there is constantly a review of the anatomical and physiological re- 
lations of the organ studied. 

“Besides these morning classes, two evening courses of lectures have 
been given, the first on ‘Clinical Anatomy,’ the second on ‘The Finer 
Anatomy of the Nervous System.’ In the former, which extended over 
a period of two months, the time was spent in the study of the normal 
relations and position of the abdominal and thoracic organs, the staff out- 
lining these by clinical methods on living subjects after the position of 
each had been indicated by drawings and upon a skeleton. 

“To the second series of lectures the physicians of the city were also 
invited. This course extended over a period of three months. 

“The excellent library of the laboratory has been rearranged and two 
different catalogues made, to enable the staff to carry on their studies with 
more freedom and to open for them every opportunity to do original work. 
The medical journals have also been rearranged in regular series, with 
the same object in view. 

“To aid in teaching and study, the gross specimens in the museum have 
been carefully mounted and arranged in groups. As this is added to 
from time to time it will form a very important feature in the advan- 
tages which the laboratory offers for study. 

“Enlarged drawings have been made of Miss Florence Sabin’s excel- 
lent model of the medulla, pons and mid-brain, to aid in the teaching of 
this important and very intricate portion of the central nervous system. 
Nothing could be of more service in enabling the student to grasp the 
structure of this region than the model which Miss Sabin has constructed.” 

In 1900 the medical colleges commenced their didactic and clinical 
lectures to their students. This course, with a variation of the program, 
has been continued each year. Indiana University also presents an annual 
course in psychology. The pathologist each lecture-day presents some 


pathological demonstration, the program for each session being: 


Didactic lecture, one hour. 
Clinical lecture, one hour. 


athological lecture, one hour. 


Members of the hospital staff alternate in arranging cases for the 
clinical lectures. This course is free to practioners and students of medi- 
cine; others are admitted upon special permission of the superintend- 


ent or lecturer. 
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From the report of 1905 we take the following: 

“Beginning October 1, 1903, and continuing until the last of December 
of the same year a series of lectures and demonstrations was given to the 
assistant physicians on the anatomical relations and the physiological 
functions of the various parts of the nervous system, on the different 
changes produced by the different pathological conditions that were liable 
to involve them, and upon the clinical symptoms manifested by such in- 
volvement. 

“After the Ist of January. 1904, regular staff meetings were insti- 
tuted and held three times weekly, namely, Monday, Wednesday and Fri- 
day mornings from 10:30 to 12. At these meetings the assistant phy- 
sicians alternated in presenting one or more cases. A systematic exam- 
ination was made of the mental condition and also of the physical condi- 
tion, where this had not been done beforehand, by the physician in charge, 
followed by a discussion of the case by those in attendance. A synopsis 
of the more important clinical features of each case, together with a sum- 
mary of the clinical manifestations, was recorded. 

“The object of these meetings was to create a nucleus upon which more 
complete clinical records could be built, and for this purpose a short re- 
port was made and filed away of each case, pointing out the prominent 
and characteristic feature of the individual cases presented. An endeavor 
was also made to determine the underlying conditions that were the prob- 
able factors in bringing about the mental disturbance. This problem was 
found to be an extremely difficult one. Many important factors came into 
consideration when an attempt was made to bring about a solution of this 
problem which were most difficult to regulate and control, in many cases 
wholly impossible, and tended to make this part of the work a source of 
discouragement and in many respects very unsatisfactory. One of the first 
essentials in the study of all pathological conditions, whether mental or 
physical, is, of course, to have a correct conception of the normal, or what 
is regarded as normal, in the individaul case. Without this one cannot ar- 
rive at a definite conclusion as regards the degree and extent of the ab- 
normal conditions that developed or that may do so. In the majority of 
cases presented very little information was obtainable, apart from that of 
the commitment record, or from the patients themselves. The former re- 
ports, unfortunately, were very incomplete, and the latter almost invari- 
ably were more or less distorted or modified by the trend and coloring of 
the mental disturbance existing. Consequently, any conclusions arrived at 
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can only be of corresponding value. In addition to this, it is of the great- 
est importance to have a full report of the heredity, early education, train- 
ing and environment of each case in order to understand and appreciate 
the character and nature of the disturbances that may be manifested. 
And, finally, there is requisite a full report of the results of a complete 
examination of the patient’s condition at the time of admission, or as soon 
thereafter as possible, both mental and physical, together with a record 
of the case while in the institution. Without these data it is impossible 
to place the pathological work in its proper relationship to the clinical 
aspect, or to place the latter upon a definite pathological basis.” 

Since the above was written the work has been carried on practically 
along the same lines, with a constant endeavor to improve the methods and 
perfect the details. 

This year we have undertaken the re-examination of every patient in 
the hospital in accordance with an approved schedule with regard to 
the mental and physical condition. 

This procedure will be followed in all new cases admitted. 

When this work is completed we will have a systematized record of 
each patient that will be of the greatest practical value. 

The Marion County Medical Society has held a number of meetings in 
this department. These occasions were largely attended and marked by 
an awakening of professional spirit that was extremely gratifying. It 
has been the policy of the hospital to have each of these meetings ad- 
dressed by an eminent medical man. 

The first was addressed by Prof. L. Hektoen, of Chicago, upon “The 
Contributions of Anatomy and Pathology to the Nervous System.” 

The second by Jos. G. Rogers, M. D., of Logansport, upon “The First 
Aid to the Insane.” 

The third by C. B. Burr, M. D., of Flint, Mich., upon “The Care of the 
Recent Case.” 

The fourth by Lewellyn F. Barker, M. D., of Chicago, on ‘The Im- 
portance of Pathological and Bacteriological Laboratories in Connection 
with Hospitals for the Insane.” 

The fifth by Stewart Paton, M. D., of Baltimore, upon “The Recent 
Advances in Psychiatry and Their Relation to Internal Medicine.” 

The sixth was for the purpose of dedicating the new hospital. The 
attendance at this meeting was the largest of any, there being present up- 
ward of three hundred prominent persons. 
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The seventh, by EF. W. Langdon, M. D., of Cincinnati, upon the “Car- 
dio-Vascular and Blood States as Factors in Nervous and Mental Dis- 
eases.” 

A summary of the work done in this department shows: 

1. That the laboratory facilities were in daily use for the examination 
of various tissues, specimens of blood, urine, sputum, etc. 
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That two-hundred and seventy-four autopsies were held and the find- 
ings demonstrated and recorded. 
(Under the hospital rule no autopsies are held, except in 
coroner’s cases, without the permission of the relatives. ) 
3. That many sections of tissues and organs were preserved for chemical, 
bacteriological and microscopical examination. 
4. That one hundred and thirty-six gross specimens were placed in the 
museum. 
5. That twenty papers covering important cases were written. 
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That over four hundred staff meetings were held, at which over five 
hundred cases were presented for clinical examination. 
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That two hundred and four lectures were given by the colleges to their 
classes. 
8. That one hundred lectures upon neuropathology were delivered to 
these classes by the pathologist. 
9. That thirteen hundred and forty-one cases were taken before the col- 
lege classes for clinical demonstration. 

This record alone, if there were no other advantages to be derived, 
would fully justify the maintenance of this department. 

But there are other reasons for its continuance: 

First. Because it stimulates the individual members of the staff to 
greater professional effort. 

Second. It creates a demand for accurate case and clinical histories. 
This requires more attention to the individual patient. 

Third. It incites to study and systematic investigation by having at 
hand the requisite appliances, books, models, charts, etc. 

Fourth. It enables the institution to offer something to the ambi- 
tious student seeking an opportunity for medical advancement. 

Fifth. It provides instruction to the physicians and the students in 
the State; prepares them to render early skilled attention to the men- 
tally afflicted in their community. ‘This directly benefits the citizen. 
Sixth. It increases the ability of the outside physician to deliver an 
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intelligent judgment in insanity inquests and dictate a description of the 
case of value to the hospital. 

Seventh. It economizes for the counties and State ultimately by de- 
creasing the number of persons annually committed to this or institutions 
of like character. 

Kighth. It actuates some students to undertake a special study of 
mental and nervous diseases. With additional opportunities given these, 
for clinical observation and for practical work in the laboratory, will 
eventually develop material from which to select physicians for positions 
in the hospital. 

Ninth. It establishes a valuable medium to create harmonious rela- 
tions between the outside members of the profession and the institution. 

Tenth. It affords the hospital staff the benefits of consultations with 
specialists in all lines of practice. 

Eleventh. It collects pathological data for the records and specimens 
for the museum which will be of incalculable value for future reference 
and study. 

Twelfth. It assists in educating the public to the needs of the hos- 
pital and arouses an interest in its behalf. 

Thirteenth. It furnishes the medical colleges with clinical advan- 
tages unobtainable without the aid of an institution of this character. 

Fourteenth. It extends its influence in time to the individual of 


” 


every community; it teaches that “prevention is better than cure,” and 


that, if the people really desire to impede the “onward march to the hos- 


pitals for the insane” in future generations, they must begin at once to 
heed the advice given, assist in locating and studying the causes, and by 
precept and example lend every influence toward their removal. 

From the foregoing it is apparent that the main object of our work in 
this direction is to provide the best medical service possible for the men- 
tally afflicted individual. within or without the hospital. 

The State should establish at every institution a department fully 
equipped for scientific work. I say at every institution, because with me 
the basic principle of this movement is the creation of centers around 
which the members of the local profession may gather and study mental 
and nervous diseases, their causes and treatment. 

Again, I believe in encouraging individuality, and know that a State 
can well afford, in view of the great benefits derived, to have a number 


of investigators pursuing original and independent work in this cause: 
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and last, but not least, I contend that each and every institution, with its 
medical staff, is entitled to equal advantages and equal opportunities. 

In conclusion I extend to each and every member of the Academy 
a cordial invitation to visit this department and inspect the equipment 


and the methods pursued. 
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An ADDITION TO THE BirRDS oF INDIANA. 


By Amos W. BUTLER. 


Harris Sparrow. 

Zonotrichia querula (Nutt). 

A specimen of this western species was taken May 4, 1907, near 
Sheridan, Hamilton County, Indiana, by Ernest P. Walker. It is an adult 
male in good plumage and was found along a hedgerow in company with 
White-crowned Sparrows. ‘The time of capture was about noon. The day 
was rather cool and the birds were hopping about near the ground. It 
was not at all wary and was shot at close range. No others of this species 
were observed. ; 

Mr. Walker has kindly presented the specimen to the Academy and it 
has been deposited in my collection as a verification of this record. 

Harris Sparrow is a bird of the middle United States. It ranges 
from Illinois over the central plains and casually to Oregon. It is re- 
ported as a rare winter visitor in Illinois and Wisconsin. (Ridgway, IIl., 
Orn., I, pp. 266-7). One was taken near Riverdale, Il]., October 6, 1894, 
by J. O. Dunn (Butler, Birds of Indiana, 1897, p. 1178). 
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BroGRAPHY AND THE INFLUENCE oF ENVIRONMENT. 


By Ropert HESSLER. 


Biography concerns itself with ‘the history of the life of a particular 
person. This is the primary definition given in the Century Dictionary, 
a second being ‘biographical writing in general, or as a department of 
literature. Again as a third definition, ‘In natural history, the life-history 
of an animal or a plant.’ 

Biology, on the other hand, concerns itself with the science of life 
and living things; with a knowledge of vital phenomena; in a technical 
sense, the life-history of an animal. 

Environment is another name for surroundings, and environmental 
influences may be regarded as the influence of surroundings. 

In speaking of the evils entailed by the lack of knowledge of sur- 
roundings, Ward in his Dynamic Sociology says: “Indeed, the greater part 
of all suffering is the result, direct or remote, of such ignorance. Obviously, 
therefore, the first great duty of man is to acquaint himself with his en- 
vironment. This can only be done by study. The phenomena that lie on 
the surface are of little value. They mislead at every turn. Not only must 
the deep-lying facts, difficult of access, be sought out with great labor and 
perseverance, but they must be co-ordinated into laws capable of affording 
safe and reliable guides to human operations. To do this requires a vast 
amount of patient study. Only a little has yet been revealed of the more 
important truths of nature, yet consider the amount of research which it 
has required! Nevertheless, only a few individuals have contributed any 
thing at all to the result. It is as yet only the simpler and more obvious 
relations between man and nature that have been determined. In the 
domain of physical forces and chemical substances he is able to exercise 
prevision in many ways to secure advantages and avert evils, but in most 
of the higher fields of vital, mental, moral, and social phenomena, these 
relations are either utterly ignored or but dimly suspected, so that his 
knowledge of them avails him nothing. The great work before him, there- 
fore, still is study.” (Ward, Dynamic Sociology, Vol. II, p. 11.) 
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Ward further says: “But what constitutes the environment of the 
civilized man? ‘The character of the environment of animals and of savage 
man is easy to perceive. It is the earth, the air, the rocks and waters, 
the trees, grass, birds and animals, the last to include, in the case of the 
savage, the men of his own tribe and of other tribes, and also civilized 
races, in case any such ever come in contact with him. It is by learning 
to know these things that he is enabled to protect and defend himself. 

“But, looking to races somewhat more advanced than the crude savage, 
we find, as frequently shown before, that their advancement has been due 
to action on their part in taking advantage of certain deeper laws of 
nature, in making use of materials that savages fail to make use of, in 
interpreting phenomena that savages do not correctly interpret, and, 
through these means, in devising plans and inventing appliances for mul- 
tiplying the products of nature and increasing the supply of physical, 
social, and intellectual wants. And, when we have reached the highest 
forms of social existence, we find that the only effective means by which 
desire is gratified, progress achieved, and happiness attained, consist in 
still deeper knowledge of the natural surroundings, in a still wider grasp 
of laws and principles, in the correct interpretation of still more obscure 
phenomena, and in the discovery and invention of still better means and 
methods of securing remote ends. To know one’s environment is to possess 
the most real, the most practical, the most useful of all kinds of knowledge, 
and, properly viewed, this class of information constitutes the only true 
knowledge.” (Ward, Dynamic Sociology, Vol. II, p. 495.) 

In discussing the expression ‘knowledge of the environment,’ Ward 
comes to the conclusion that it is co-extensive and synonymous with the 
word science. He says: “Knowledge of man’s environment is nothing 
more nor less than scientific knowledge; and, conversely, all scientific 
knowledge consists in knowledge of the environment * * *” (Vol. II, p. 
497). Farther on he says: “The only useful knowledge is that which 
furnishes relations. Isolated facts, until employed for this purpose, are 
not really employed at all. An object known only in itself can scarcely 
be said to be known. * * * Science is dynamic. Whatever it touches is 
transformed. The only object in knowing is by means of it to do some- 
things A at 5) Vol: Lp: 497): 

He refers to the attenuation of knowledge and of getting away from 
things, and how especially in the Middle Ages men were inclined to neglect 
facts, and how science brings us back to facts and to nature. We can 
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readily see how students of environment and environmental influences are 
not likely to be misled by the present fad of psychotherapy. Ward also 
refers to much of our literature as being simply a jugglery of words, 
pleasing to the ears, but of little value in keeping man acquainted with his 
environment. 

Perhaps few of us realize fully the importance of environmental in- 
fluences, of how our life and our very thoughts and actions are dependent 
thereon. No doubt many of us have at times wondered what our own life 
and the life of others would be under different surroundings. 

The field is a large one, and by way of delimitation I may say that 
my original observations and studies are confined largely to one phase of 
the subject, that of air conditions. The problem is this: To what extent 
do the effects of air conditions crop out in biography? 'To answer this 
requires, first a study of men who are today living under good and bad 
air conditions; it means to contrast lives of men, those who live under 
good air conditions with those living under bad air conditions; it requires, 
moveoyer, observation of individuals who alternately live under good and 
bad air conditions. Secondly, it requires the ‘fossil remains,’ so to speak, 
which can be studied, just as the paleontologist studies fossil remains which 
enable him to reconstruct and explain past animal life—the material in 
the present instance being biographical remains, books that are often 
known under the name of Life and Letters, as those of Huxley and of 
Darwin. 

We all like to read about great men and emulate them; their lives are 
held up as examples to follow, yet the number of great men living at any 
one time is small, and where one becomes great, there will be thousands 
and thousands who are mediocre. A biographer scarcely deems it worth 
while to pick out the life of one of this latter class. 

It may be entertaining to the average man to read the biography of 
a literary man, of a poet, or of a musician, but he may get comparatively 
little instruction from it. On the other hand, he may read the life of a 
common fellow citizen and get many ideas that will be of value to him in 
the conduct of his own life. This is a fact that seems to be little realized 
by biographers, but it has been appreciated by certain novelists who write 
about the common people, and such books are therefore very popular. 
Formerly novelists were concerned chiefiy with the life of the ‘upper 
classes,’ but since they have begun to write of the ‘common man,’ to depict 
his life, we now know that such ‘lives’ can be made of general interest. 
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Likewise, in former days, the physician was concerned chiefly with the 
well-to-do; the diseases and affections of slaves and agricultural laborers 
and artisans were given little attention. ‘Today distinctions are of course 
still made between the literate and the illiterate, but there is a very large 
class between these extremes—the common people, and writers have this 
class of readers in mind rather than the small cultured class. 

Some one has said that under each grave lies a world’s history, and 
in this light the life of the most common-place man would likely reveal 
many incidents that are worth recording, both on account of their general 
interest and the lesson they may teach. 


In the course of years I have accumulated many notes and ‘case 
reports,’ that is, histories of individuals in chronic illhealth. Some of these 
histories cover the individual’s whole life, from beginning to end, and if 
published would be biography, but since they relate to illhealth and give 
a minimum of facts in regard to other affairs of life, such a biography 
would be of interest primarily to physicians, to biologists, and individuals 
in chronic illhealth who might profit by the experiences of others. A wise 
man has been defined as one who profits by the experiences of others; a 
fool as one who scarcely learns from his own. 

My paper is to be considered as a continuation of papers given in 
former years before this Academy, but to fully understand the subject, 
this series of papers should be considered in connection with another 
series given before the State Medical Society. 

I have prepared a number of case histories, more or less briefly, in 
the form of long charts which I shall show with a few remarks on each. 
(Charts on rolls and diagrams were shown, the following notes being ab- 
stracts. ) 


BIOGRAPHY A. The environmental influences crop out very strongly 
in the family history, as shown in the genealogical table. The ancestry 
goes back into early colonial days, and until now the members have always 
lived under rural conditions. The great-grandfather’s generation was a 
long-lived one, likewise the grandfather’s and the father’s and his 
own also, that is, his brothers and sisters; ten to twelve usually 
constituted a family. The individual himself until recently had always 
lived on a farm and led an active life. He had good health, but when he 
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came to the city his health began to fail, ascribable to ‘change of air.’ To 
stand on a street corner in a ‘spitter’s town,’ with clouds of dust blowing 
about, is a rather risky occupation. His children show an entirely different 
history from that of the ancestry, a long life history being displaced by 
a short one. The children die of the ‘diseases of civilization,’ and that 
means chiefly a bad sanitary environment. The offspring, instead of living 
to the age of sixty, seventy, or eighty years, die prematurely, eight out of 
twelve dying in childhood. 

Judging by or from the ancestral history, one can predict what the 
final termination in this case will be. One can predict—as well as that 
ean be done in complex biological predictions. Recently the man had a 
cerebral apoplexy which disabled him for a time, but he gradually re- 
covered; a continued high blood pressure means that before long there 
will be another apoplexy, in fact there may be several, until one is suffi- 
ciently severe to carry him off. : 

Some of my case histories cover a period of only a few years, but 
where much attention has been given, the thoroughness of study may 
offset the length of time. One can readily see that if an observer were 
to devote his attention, say for only a year, to the study of the life of an 
individual in chronic illhealth, much might be learned, more than where 
one attempts to cover an individual’s whole life in a superficial manner, 
and we can readily understand how a physician with many patients to 
look after can so scatter his attention with so little time for each that he 
simply cannot do his patients, or the subject, justice. 

People in health scarcely know what ilihealth means to one who has 
‘chronic illhealth,’ where the subject necessarily is more or less constantly 
in mind, and that certain symptoms—symptoms of illhealth, indicative of 
a reaction to a certain cause or to an abnormal environment—are present 
all the time, every hour of the day, and from one day to another. 

The individual in chronic illhealth naturally seeks relief; he applies 
to the physicians, and if the physicians do not understand the case and if 
no good results follow their treatment, the individual naturally applies 
elsewhere. Some chronics are constantly drifting from one physician to 
another and from one form of treatment to another, even the most out- 
landish. In the last month one of these ‘chronics’ came to me. On criti- 
cally studying the case, I found that she reacted to her environment, that 
is, in this case, to dust influences. The patient was intelligent; she 
promptly acted on my suggestions and many symptoms gradually vanished ; 
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others were greatly modified, both in severity and number. One day, after 
the patient had been with me for some time, she told me that I was the 
eighteenth physician she had consulted. This individual could write a book 
on her experiences among doctors, and it might make painful yet beneficial 
reading to many who prescribe purely on a statement of symptoms. 

BIOGRAPHY B. Next in order would come a history, a biography, 
in the making, of a bright boy of fourteen years, but for certain reasons 
it was thought best not to put this case in the form of a chart. This boy 
reacts to his environment, but the chronic illhealth under certain conditions 
promptly subsides under other conditions. At the International Congress 
on Tuberculosis, at Washington, two months ago, Dr. Koch made a state- 
ment which I have repeatedly verified. He said it was very important to 
teach school children the important facts connected with tuberculosis, 
that they will learn readily and remember, whereas the old learn with 
difficulty and forget readily. I have frequently met elderly people whom 
I attempted to instruct, but after a time I would ask myself, What is the 
use? One is apt, on the other hand, to take unusual pains in instructing 
the young and intelligent, who are both willing and capable, and it will 
be interesting to read the biography of an individual who keeps a daily 
record of what he does and where he is, and of the conditions relating to 
health and illhealth. 

The question at times arises: Should an individual in chronic ill- 
health be asked to keep a daily record of events and of symptoms? I 
have had persons tell me they had so many symptoms that it would be 
impossible to keep track of them—yet in a short time there would be only 
a few to record, if they heeded rational advice. When the sick begin to 
realize that there is a relationship between symptom and cause, they no 
longer lie awake at night ‘wondering what it all means.’ 

One can readily understand why the individual brought up in the 
country under good air conditions should suffer on removing to the crowded 
city, and why the individual who is chronically ill in the crowded city 
may quickly regain health on going to the country, or by merely exchanging 
a dirty city for a clean one. We can also see how a study of biography in 
the light of air influences, of coniotics, so to speak, may be both interesting 
and profitable. 

BIOGRAPHY C. The influence of environment crops out in several 
Ways in this case, a man of 57. His father and mother were Irish; he 
was picked up as a waif in New York City when a small child, and, with 
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a number of others, was sent West; he reached Indianapolis and was 
adopted by a German Protestant. To see the man now and to speak 
with him, one would never suspect that he is Irish, for he seems to be a 
thorough-going German, with all the German characteristics. As one might 
expect, he adopted the religion of his foster parents. Some one has said 
that our very thoughts and actions are determined by our environment, 
and this man is an exemplification of it. In a general way, it may be said 
that the Irish in their own country live mainly under a rural environment ; 
when they come to our crowded cities many fail. This man seems to have 
gotten along fairly well in his earlier days, but there has gradually de- 
veloped a greater and greater susceptibility to city environmental influences. 

When this man first came to me five years ago, he thought his sand 
of life had run down, and on superficial examination I was inclined to 
agree with him, but when I studied his environment and past history, I 
came to a different conclusion. I saw no reason why he should not con- 
tinue to live for a number of years. In explaining the condition to him, 
I referred to Huxley and how he reacted to his environment and yet lived 
to the age of 75, and might perhaps have lived still longer had he known 
more about the influence of environment. I mentioned the English saying, 
that in order to live long one should acquire an incurable disease, ex- 
plaining what is meant by ‘disease’—that it is really no disease at all, 
simply a reaction to environmental influences: that the pains and aches, 
the warnings of nature, could be prevented by avoiding the cause, and that 
means to observe and to seek to avoid them. In proportion as causes 
are avoided, one may live on and on. It took some time to fully explain 
matters to him and to induce him to give up his occupation, an indoor one 
with dusty air. There was a constant tendency to high blood pressure, 
and I explained the danger of ‘bursting the boiler, but he continued until 
he ‘burst a pipe,’ that is, there was a break of a small blood-vessel in the 
brain, resulting in slight apoplexy. The break occurred in the speech 
center and temporarily rendered him speechless; fortunately the effects 
passed off in a day or two. This was a warning which he heeded; shortly 
after he abandoned his occupation and lived out of doors. But he could 
not live indefinitely without work, and in a ‘spitter’s town’ the number of 
occupations attended by good air conditions are limited. He finally ob- 
tained employment in a hospital, as attendant. Here the air conditions 
are good and now he is getting along very well—as I had predicted. 

One can of course see that when an individual has spent years and 


58 


years under an unfavorable environment, structural changes may have 
been produced—we need only think of inflammatory processes followed by 
the formation of scar tissue—and that the outlook for a long life is not 
as favorable as in the case of a young person who gets out in time and 
before many organic changes have occurred or much scar tissue formed. 
In this case, it is not so much a matter of living a long life as it is of the 
subsidence of chronic illhealth and the ability to do a ‘fair day’s work,’ 
to make a living instead of being dependent on charity. 

It will be noticed that this biography is in several sections: 

1. An outline of his life, by years, in the form of a chart. 

2. A detailed statement up to the time he came to me, in loose sheets. 

3. <A statement of his observations since he has been with me. It 
will be observed that all are autobiographic—that is, written by the in- 
dividual; they were given me in the belief that his experience might be 
of benefit to others.* 

4. My own observations briefly summarized and charted, with sphyg- 
mograms here and there showing circulatory conditions. In the light of 
other cases, one can predict that this individual will, in all probability, 
ultimately die from heart and renal trouble. In a general way, one can 
divide men into two groups, high pressure and low pressure; each group 
has certain symptoms. 

BIOGRAPHY D. It is only occasionally that one is able to get a 
complete life-history, that is, from beginning to end. I shall show one 
of this kind. The long sheet gives an outline of incidents, arranged by 
years (of factors which the individual, more or less conversant with the 
subject of dust infection, considered of sufficient importance to be noted). 
The details that I asked for concerning certain factors, incidences and oc- 
currences, are given in these notes (shown). This individual was with 
me for only a short time, barely long enough to study her history and 
condition. She died some time later after having been under observation 
of two non-resident physicians. The influence of environment crops out 
all through this history, or strictly speaking, biography. The influence 
of life in the large city or in the country can be clearly traced. One 
environmental influence may be especially mentioned: This individual 
went to Korea as a medical missionary and there contracted a tropical 
disease from which she ultimately perished. One can readily see that had 


1The number of individuals who will allow the history of their lives to be used, as here presented, is 
rather limited—it takes the “missionary spirit’’ to do that. 
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she not gone into the environment under which foreign diseases flourish, 
she would not have contracted such a disease. Missionaries are a self- 
sacrificing class of individuals; popularly it is often believed that they 
break down on account of overwork, but one can look at it from the stand- 
point of a change of environment—and this may lead us to critically study 
a case of overwork in our midst; perhaps after all it is simply the influence 
of environment. It may not be so much a question of the amount of work 
done as where the work is done. One may seriously question whether our 
school children break down from ‘overwork’—perhaps the defenses of the 
body in fighting off infection, bad air, are overworked. 

To study the life-history of any one case is a task of magnitude. There 
are many details, and the more factors one considers, the greater the 
number of details that have to be studied. An individual in chronic ill- 
health may complain constantly; all his symptoms and all his complaints 
have a cause; they must have a cause. To what extent can or does the 
student physician tale up such details? 

There are few physicians who have many patients whose lives they 
can study from beginning to end—and to study a long life is wholly be- 
yond a single man’s opportunity, because the physician, the student, is 
already well advanced in years before he has the requisite knowledge to 
make such a study. He must begin with the individual at birth, and if 
the latter has a long span of life, the physician will be dead long before 
his patient. To properly study the subject requires co-operation of many 
men. 

Biography is valuable chiefly in that it teaches us how to conduct our 
own life, that is, we can profit by the experience of others. Moralists 
like Samuel Smiles will take a biography and from it teach certain lessons 
(Prudence; Self-help; Industry; Forethought; Self-reliance; etc.), but 
the idea that the illhealth or sickness of a man may teach us how to avoid 
similar experiences has scarcely been considered and to the best of my 
knowledge not at all in the light of good and bad air conditions. 

Many biographies contain so few references to health and illhealth 
and disease that one might come to the conclusion that these were things 
not worth mentioning; very few are satisfactory to the student. Personally 
I have never met one that gave all the details I wanted. 

The individual who is influenced by his environment manifests certain 
symptoms. Some of these symptoms can be grouped, and one can speak 
of types. Some part of the body or some organ may show the reaction in 
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a marked manner, and in this way determine the type. Thus, one can 
speak of a respiratory type of dust infection, of a gastric type, of a nervous 
type, etc. In some there is no localization; the body as a whole reacts. 
There may be a large number of symptoms and yet there is nothing definite 
that would enable one to speak of disease. It would appear that the body 
is really ‘healthy’ but is simply reacting to the abnormal environment, 
and the moment the environment is changed, the symptoms disappear. 


I have made a search through biographies relating to Indiana people 
for a good example of the influences of environment. I found only one 
biography that is sufficiently full to enable one to trace such influences, 
but as I am in search of further data, I shall not take this up at present. 
Instead I will take up the Life and Letters of Huxley. 

Thomas H. Huxley. The life of a man like Huxley or Darwin can 
be written from many different standpoints. If the biographer is a natural- 
ist, he can bring in the development of Natural History that has taken 
place throughout the tong life of such a man and the prominent part he 
took in it. If an evolutionist were to write the life, he would likely treat 
it from the standpoint of the development of the theory of evolution in 
which Huxley took such an aggressive part. The geologist, the paleontolo- 
gist, the ichthyologist, etc., each would find material enough to write a 
work that would be of interest to the specialist. The physician likewise 
finds material enough to write what may be called a medical biography, of 
special interest to physicians, and more especially because Huxley began 
life as a physician and throughout his long life was associated with medi- 
cal schools and with the best medical men of England. An individual in 
chronic illhealth can learn much by carefully studying Huxley’s Life and 
Letters, on account of the many references to chronic illhealth. Such 
a study may enable him to avoid many of the common symptoms of ill- 
health, or at least to reduce them to a minimum. 

Huxley reacted strongly to his environment, and to understand this 
one must study the lives of people living today who react in a similar 
manner. Analogy enables us to bring together cases of the same type. 
In studying the life of a man no longer living, one is in the position of the 
paleontologist who studies the fossil remains and thereby is enabled to 
more or less accurately reconstruct for us a picture of the thing that once 
was living, as already mentioned. According as a biography contains 
many references to illhealth conditions, one is enabled to more or less fully 
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understand the nature of the illhealth—which may not have been thor- 
oughly understood during the life of the individual. 

Huxley was a voluminous writer along many lines, chiefly, as most 
of you know, on biological subjects. Beginning with papers on certain 
groups of animals, he gradually branched out to include man, not only 
from a biological and anthropological standpoint, but also from that of 
biography; to understand his many-sided mind, one has to read his various 
volumes. 

To the student of dust influences there is likewise much of interest, 
not so much in his technical writings as in his biography. Although 
Huxley realized the general influence of environment, he seemed not to 
have realized the influence of dust conditions, of coniotics. One can readily 
see how such a gifted man might have avoided much illhealth, and perhaps 
have lived many years longer, by having such a knowledge. 

Huxley was eminently sane in his views regarding man’s position in 
the universe; unfortunately for medical science, he did not follow medicine 
closely. He distributed his mind among many fields of inquiry, some of 
which have only remote relationship to medicine. 

At the time when he was actively engaged in the practice of medicine, 
there was little science compared to what is found today; it was before 
the days of cellular pathology and bacteriology. Conditions were such as 
to create disgust in a scientific mind like that of Huxley, and so it is 
very natural that he should have drifted away from the practice of medi- 
cine and become a teacher of some of the sciences on which medicine rests, 
notably anatomy and physiology. 

Although cellular pathology arose during Huxley’s lifetime, yet he 
never took it up. It is an exemplification of the saying, ‘You can’t teach 
an old dog new tricks,’ and when a man’s eyesight begins to fail on account 
of age, the days for close microscopic study are past. Unless one studies 
pathology and bacteriology in the laboratory, makes his own cultures and 
examines them, one’s knowledge is not apt to be thorough and the diffi- 
culties of working out certain problems are not realized, and, on the other 
hand, the brilliant results obtained by some men cannot be fully appre- 
ciated. It is only the student who works ‘in a practical manner’ who gets 
the best insight, assuming of course that he has the mental capacity also 
to reason on the ‘imaginary or theoretical side,’ to form theories and 
then attempt to verify them. 

Huxley did not understand the influence of air conditions. At one 
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time we hear him exclaim, “I do wish I could sometimes ascertain the 
exact juste milieu of work which will suit, not my head or will, these can’t 
have too much; but my absurd stomach.’ (Life and Letters, Vol. I, p. 
131). Herbert Spencer voices the same sentiment when he says, “I want 
a keeper to be always taking care that I do not overstep the limits on one 
side-or the other * * *.” 

We need not be surprised that Huxley and men of his type did not 
understand the influence of air conditions, when we consider that the 
best medical men, active practitioners of medicine, did not understand 
it. The two most eminent physicians contemporary with Huxley were 
undoubtedly Dr. Andrew Clark and Dr. Henry Thompson. These men 
were constantly sending their patients away from London. Dr. Clark used 
to say, “What you need is rest, pure air, cheerful companions, simple diet, 
and no end of out-doors.” They got results, patients improved, but they 
did not press their inquiry and seek the reason why. One can of course 
readily excuse them for the same reason upon which Huxley must be 
excused—They began work before the days of cellular pathology and 
bacteriology and did not take it up in their old days. Perhaps needless 
to say a knowledge of pathology and etiology is one of the absolute essen- 
tials in studying dust infection. 

Huxley had a rural ancestry and that means that there had not been 
an active weeding out through urban influences. When he first came to 
London as a young man he seems to have gotten along fairly well, but in 
time there was a greater and greater susceptibility to unsanitary urban 
conditions and he reacted to his environment. He lived in the West End 
where air conditions are good, and lectured at Kensington, which, as 
some of you know, is situated half way into the heart of the city. At 
first he could lecture several hours a day without difficulty, but after 
a time he complained that he could only bear one hour and that two hours 
‘does him up.’ Still later he was not able to do even an hour’s work 
under bad air conditions, but when he removed from the city and went 
to the South Shore, he was again able to do an almost unlimited amount 
of work. 

SYMPTOM NAMES. (Chart with all symptom names grouped was 
shown.) In looking over this formidable list of names, a few facts stand 
out. 

1. There is only one name that refers to a definite disease, that is. 
a disease with a specific cause: Influenza. 
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2. Many of the names are very indefinite, or, one might say, they 
are just as definite as the conditions to which they refer, and where a 
thing is indefinite, one naturally cannot expect a definite name. 

3. There was no ‘organic disease’ (until the very end), and some of 
the names and expressions used were later on found to be erroneous. Take, 
for instance, the terms relating to the heart, ‘dilatation,’ and ‘enlargement.’ 
The diagnosis was made at a time when Huxley was feeling bad and he 
was therefore sent to Switzerland. But he began to feel better almost 


as soon as he got into the good mountain air—and then he began to climb 
the mountains. Offhand, one would be inclined to say that that was a 
very foolhardy act, because he might have fallen off the mountain, or 
dropped into a crevice, and no one would have known what had become 
of him; but he felt he could climb, and he did climb higher and higher day 
after day. Then one of the English physicians made him a visit and natur- 
ally examined him. Huxley says, ‘“H. Thompson treats the notion that I 
ever had a dilated heart with scorn!’ and then adds, “Oh these doctors; 
they are worse than theologians.” But when he returned to England his 
old complaint came back. Evidently, however, he had the satisfaction of 
knowing that he did not have organic heart disease. 

With increasing years there was an increasing reaction to an un- 
Sanitary environment, he could spend less and less time in the crowded city, 
finally he had to leave altogether. One wonders why Huxley did not 
leave the enervating city life and retire to the good air of the country, 
as did Darwin.t 

What do we mean by health and illhealth and disease? A man may 
complain of illhealth and yet not be diseased. As a matter of fact, we 
constantly meet people who look the picture of health, but on studying 
them we find that they are always suffering, yet on account of their 
‘healthy’ appearance, they get no sympathy when they do complain, and 
so many do not complain—only to the physician who critically studies 
conditions. 

Many of these individuals are simply out of harmony with their en- 
vironment. If we take a native of the torrid zone and put him in the 
frigid zone, we would likely find him complaining constantly of the in- 

*Charles Darwin reacted to his environment, after the manner of Huxley. Some of 
you may recall my paper before this Academy several years agoin which I aimed to bring 
out this point. But Darwin lived in isolation and came little in contact with sick people, 
and his symptoms are even less well defined, although he complains almost constantly 


and loses much time. Getting a lot of old books from the city and reading them while 
reclining on a couch are among the important factors in Darwin’s ill health. 
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fluence of cold, of a condition to which he was not accustomed and perhaps 
wholly unadapted. If, on the other hand, we take an inhabitant of the 
frigid zone and put him in a warm country, we would in all probability 
find another series of complaints. In the temperate zone where there is 
an alteration of heat and cold, one might say six months of tropical life 
and six months of arctic life, many individuals cannot adapt themselves 
to this semi-annual change, and as a consequence they suffer. 

Again, the individual who has been brought up on plain, substantiai 
food in the country, free from all infectious matter, may complain greatly 
if confined to the food obtained in the city, which has passed through 
many hands. The milk which so well agreed with him in the country may 
be a veritable poison to him in the city; even the drinking-water may 
disagree. 

We see this again illustrated in the matter of air conditions. The 
man who has always lived under good air conditions, and whose ancestors 
have lived under such conditions, may complain greatly on removal to a 
dirty city where the air is loaded with dust derived from different sources, 
partly from the bodies of those who are diseased. Such an individual may 
have a sound body and may have sound health under his proper environ- 
ment, but he may complain in the city simply because his body reacts to 
the abnormal environment. Thus, if he inhales much dust, there may be 
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nature’s way of getting rid of offending material. The dust may 
set up a profuse flow of mucus, resulting in so-called catarrh—and yet 
this may be simply a natural reaction of the body in protecting the res- 
piratory organs and in getting rid of the inhaled dust particles, which are 
brought up with the mucus in the process of coughing and hawking. Vari- 
ous pains may come on, yet they are to be looked upon as warnings from 
nature—to change the environment. When an individual does change and 
finds all these symptoms of illhealth (not of real disease) disappear, 
that ought to clearly indicate to him the conditions under which he should 
live. If he persists in living under the abnormal environment, we know 
what will happen: nature is constantly weeding out the unadapted—a 
process that has been going on for countless ages, and still continues. The 
doctrine of the Survival of the Fittest is a terrible reality from the stand- 
point of the biologist and physician. 

One may come into a new environment and discover that there is 
a non-adaptation. The thoughtful man will see two courses open; first, 
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the environment and go into a better one. 

To what extent shall one make efforts to modify his environment, 
to improve it? How early or how late shall one abandon efforts? These 
are questions of varying importance in the life of all. There are many 
factors to be considered. With some it is an easy matter to ‘pull up stakes,’ 
as the race did in its pastoral stage. The very evolution of the race, from 
a wandering life to one anchored, so to speak, to a city environment makes 
it difficult for the average individual to leave the crowded city and go 
back to the more primitive country life. We need only read the pathetic 
letters of Mrs. Carlyle with her chronic illhealth in smoky London, but 
with good health in her old country home in Scotland. She evidently 
realized relationships and made many trips to and fro, but after being 
accustomed to London life and meeting congenial people, it was next to 
impossible to go back to the monotonous life in the country. We thus see 
that physically she needed one sort of environment, that of the pure air 
of the country; mentally she required the contact of kindred minds, to 
be found in the large city. 

What we get out of a book depends largely on the interest with which 
we take it up and on our previous knowledge. We get out of it what we 
put in. A book in Greek or in Science will be understood by comparatively 
few, in contrast to the many who read and understand a popular novel; 
even ‘problem novels’ are not always understood. By observing a man 
turned loose in a large library one can arrive at certain conclusions. 

A biography may be so simple that most any reader can understand 
it. The biography or life of a military man is full of descriptions of battles, 
best understood by old soldiers; the life of the musician is apt to be full 
of technical musical matters and best understood by musicians; the 
scientist best understands the biographies of men of science. The indi- 
vidual in chronic illhealth will likely be the most appreciative reader of 
the biography of a man who had chronic illhealth—and the physician who 
studies the subject from a biological standpoint will likely be the one 
who not only appreciates, but understands such a life and the influence 
of environment. 

If I can induce some of you to read biography in the light of environ- 
mental influences, especially of such a man as Huxley, then I shall have 
accomplished all I had in mind in beginning this paper. 
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FEeLtkner Isutanp, Waser Laker, Koscrusko County, Lyp. 


By J. P. Dotan. 


Wabee Lake is in Kosciusko County, Ind., about one mile southeast 
of the town of Milford. A good description of its physical features is 
given by Prof. Blatchley (State Geological Report for 1900, pages 186-7). 
Quoting therefrom—‘“A small and very pretty island occurs in the south- 
east of the lake.” When Profs. Ashley and Blatchley visited the lake, 
there was so little of the island above the water line that a title was 
deemed needless. However, the protracted drought of the past season has 
shrunken the lake away from the island, showing it to be of sufficient 
dignity to bear a title, temporarily at least. 

“Welkner” is the name of its former owner and is associated with 
the best history and development of Milford and its environment. 

The island at the highest point is six feet above the lake level and has 
a dry area of about one acre. It is destitute of vegetation save for a few 
tufts of stunted willows, a scraggy sycamore about five feet high, a small 
patch of Canada thistle numbering about twenty individuals, and five 
or six strong stalks of evening primrose besides a few species of grasses. 

Its general appearance is that of a coarse, undisturbed gravel bed. 
There is no field of shallow water upon it. Its sides slope abruptly into 
water twenty-five to forty-five feet deep. One can stand at the water’s 
edge and with an ordinary cane pole fish in deep water. This body of 
deep water extends almost to the shore on the north and west, while on 
the south and east it is found to be a few feet shallower. Taking a radius 
of five hundred feet and the island is surrounded by water forty feet 
deep. Thus Felkner Island is removed from shore influences. 

In 1906 the Sandusky Portland Cement Company which is operating 
a cement mill at Syracuse, a town six and a half miles east, became the 
owners of the island. To satisfy themselves of the extent, character, and 
distribution of the marl and clay said to be found there, a careful survey 
was made of the lake, the island, and the adjoining marshes. The lake 
was cross-sectioned at intervals of 100 feet. At these several points 
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thorough tests were made measuring the depth of water, marl, muck, clay 
or other minerals that might appear. In making these tests a drill 
capable of being extended to forty feet was employed. 

The general distribution of the marl and other minerals around the 
shore of the lake and the territory adjoining is reported in the Volume of 
Geol. Reports for 1900, fully and accurately. 

The island, as far as could be determined, is a unit of granular marl. 
The 40-ft. drill failed to reach the bottom of the deposit at several places. 
The marl is accounted for by the presence of several strong springs at the 
west end of the island. One of them, about four inches in diameter, issu- 
ing at a point where the water was six inches deep, would push its way 
up intermittently so that one could see the disturbance at the surface 
standing a hundred feet away. These springs, doubtless have their origin 
in the clay and gravel hills near Dewart Lake three miles to the east 
and bring their burden of calcium carbonate from that rich field. This 
theory is borne out by the presence of a flowing well at the east end of 
the lake at an elevation thirty feet above the level of Wabee. It flows 
strongly through a two-inch pipe and reliable men of the town who tested 
its force say that it rose twelve feet above the present point of escape 
through a pipe of smaller diameter. It is known that Dewart Lake has 
an elevation of fifty-two feet above that of Wabee Lake. 

The Mollusca found in the island deposit, below the upper portion 
thereof, are only a small fraction of the whole. This is all that distin- 
guishes this island from the many other “beautiful” spots dotting the lakes 
of Northern Indiana, but it is a fine type of the island formed by springs. 
The Syracuse & Milford Railway transports the marl to the factory, de- 
livering daily from four hundred to five hundred cubic yards. The small 
steel cars are loaded on the track by the dredging apparatus, an improved 
clam shell excavator having a 75-foot boom. Felkner Island will be 
loaded on the cars with the present dredging machine, pontoons being 
employed to carry up the train from the island to the shore. 

Involved in this matter of removing the marl from the lake is the 
question of its effect upon the flora and fauna of the lake. This is a 
question which comes within the province of this association. If an 
answer is desired a biological survey of the lake should be made at an 
early date. 
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A STRANGE NURSE. 
By A. J. BIGNEY. 


On June 1, 1908, there was born on the farm of Will H. Sedam, near 
Moores Hill, Indiana, a litter of kittens, only one of which lived. The 
mother of these kittens died August 1. The surviving kitten began to 
try to nurse the sire. Soon milk began to flow a little and as the nursing 
continued the milk increased in its flow. The sire soon had two well 
developed nipples doing service. The kitten lagged a little in its growth 
for a while, but soon was in good condition and continued to do well. 
This is the first instance of the kind that has come under my observation. 
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THe SHAKE DANCE OF THE QUILENTE INDIANS, WiTH Draw- 
ING BY AN Inp1AN PupPIt oF THE QUILENTE Day ScHOOL. 


By ALBert B. REAGAN. 


In this dance the Indians worship Jesus, calling Him Jesus-Man, con- 
founding him with Kwatte, their god. This religious movement began 
in the early eighties. It is a compromise between the old Indian worship 
and Christianity. The former having been forbidden by the government, 
the Shaker ‘‘church” was organized so that the Indians could still have 
their performances under the constitutional rights granted to all religious 
denominations. And in this they have entirely won, for Judge James 
Wickersham, of Tacoma, Wash., fought the Shaker Church case through 
the courts and obtained for the aborigines the right to worship God ac- 
cording to the dictates of their own conscience. 

The movement began on the Big Skookum River, near Shelton, Wash., 
in 1882. An Indian, John Slocum, was very sick and was unconscious for 
several days. Regaining consciousness, coming back to “life’’ again as the 
Indians say, he said he had been dead and in heaven, but that the keeper 
of that blissful place had told him that he was a bad Indian and that he 
would have to go to hell. But one more chance would be given him. If 
he would go back to earth, lead a good life and teach other Indians to do 
the same, he would in time be admitted into the happy hunting ground. 
He at once began to preach the Shaker doctrine, exhibiting the power 
conferred upon him by those above in a vigorous shaking and quivering 
of all the muscles of his whole body. And all his followers exhibit their 
power the same way to this day. 

They have candles and usually a cross. They begin their services 
with a prayer and close them with a “doxology.” The Shaker dancing 
ceremony which usually lasts for hours is a hypnotic performance. 

The watchword of the organization is: “Do good to those who do good 
to you and get ‘even’ with those who mistreat you.” And the guiding 
prayer “Our God is in heaven. If we die He will take cur life to heaven. 
Help us so that we shall not die. Wherever we are, help us not to die. 
Our Father who is there, always have a good mind to us.” 
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In the performance continuous hand bells are rung to the tune of 
the chant “Hi, hi, hi,” etc. The dancers jump up and down to the time of 
the “music.” The faces of all the actors become hideously distorted. The 
quivering, trembling, twisting, writhing hands, wave, whirl, gyrate in all 
directions till the scene reminds one much of the demons in the “inferno” 
dancing over a lost soul. And the simple-hearted Indians believe that in 
this performance they are worshiping the most high God. 

Below is a copy of the Quilente Shaker organization, creed, etc., taken 
from the “Quilente Independent,” the only paper in Washington pub- 
lished by an Indian (W. H. Hudson) : 


PREAMBLE. 

In order to form a more perfect union and to secure recognition of 
our rights under the Constitution of the United States, to worship God 
according to our conscience, We, the delegates, from the Shaker Sects of 
LaPush, in conference assembled, do hereby organize, ordain and establish 
the Shaker Church. 


OBJECT. 
Our object is to teach the Gospel of Jesus Christ, and to forward 
His Kingdom among the Indian race; to fight against the evils of intem- 
perance, which we believe to be a detriment to the advancement of our 


race; to the pursuits of civilization and Christian living. 


ARTICLES OF FAITH. 

1. We believe in God the Father, Jesus Christ the Son, and the Holy 
Spirit, the Three in One. 

2. We believe that the Shaker movement was a dispensation of Al- 
mighty God to His Indian Children, to the end that they may see with 
spiritual eyes, their evil ways, and to point our way to salvation through 
Jesus Christ the Son. 

3. We believe that Jesus Christ has the power to forgive sins on 
earth. 

4. We believe that God hears our prayers for the sick, and that if 
we pray and believe, He will heal us of our physical ailments. 


COVENANT. 


1. We promise to suppert the Church in all the ways that we can. 


spiritually and temporily. 
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2. We promise to accept the Shaker Religion, and hereby consecrate 
our time, our talents, our all to its maintenance. 

3. We promise to abstain from use of all intoxicating liquors. 

We, the members of this church, in view of the solemn promises you 
have made, do promise to help and sustain you in your efforts to live a 
better life. 

4. We promise to pray for you, that God in His Infinite Goodness, may 
make you and us, worthy to walk in His footsteps, looking torward unto 
the day when we all stand before His Judgment Seat, equals with all 
men, and hear the words, ‘Come ye blessed of my Father, inherit the 
Kingdom prepared for you from the foundation of the world.” Amen. 


PHOTOGRAPHIC OBSERVATIONS OF MoREHOUSE’S COMET. 
By W. A. CoGSHALL. 


Comet ¢ 1908 was found on a plate taken at the Yerkes Observatory 
on September ist and has been so situated as to allow observation from 
any point in the northern hemisphere for several hours each night. 

Most of the comets, during the time they are visible to us, are in 
nearly the Same direction from us as the sun, and so are seen only for a 
short time before sunset in the evening, or before sunrise in the early 
morning. 

Comet ¢ had a high northern declination when found, and afterward 
passed within about 16 degrees of the north pole of the sky, so that during 
this time it was visible all night. As a result continuous records were 
secured through several hours, from the time it became dark in Europe 
till daylight in California. 

These records show beyond doubt what has been indicated by several 
other comets—that the tail is composed of matter driven off by the action of 
the sun from the head of the comet, and that the velocity of motion of these 
particles in the tail is such that practically a new tail is formed each day. 

While this comet was not very bright visually, it photographed very 
quickly, exposures of an hour with a short focus lens showing from 6 
degrees to 10 degrees extension of tail, and it also showed unusual and 
sudden changes in the details of its tail. 

The most prominent of these are shown in the accompanying photo- 
graphs. 

The first of these happened on September 30th. The photograph of 
September 29th shows nothing unusual in the appearance of the comet, 
but the next plate whose mid-exposure time was September 30th, 11 hours, 
shows a great change in the size, direction, and general character of 
the tail. This change began during the afternoon of September 30th, and 
by early morning following had produced the appearance shown in the 
plate of September 30th, 14 hours, 45 minutes. 

The great cloud-like mass of tail moved away from the head of the 
comet at a rate of about 20 miles per second, and on the next evening 
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(See plate October ist, 11 hours, 00 minutes) was at a considerable distance 
from the head, and connected with it by very faint and straight streamers. 

On plate October 2d, 10 hours, 30 minutes, it is visible still farther 
away, and much fainter, and the new tail near the head of the comet, is 
beginning to assume its usual form. 

The next great disturbance took place on October 15th. The night be- 
fore, the comet was quite normal in appearance, as shown in plate October 
14th, 10 hours, but on October 15th, 8 hours, a great puff or explosive action 
is shown. 

On the next plate of the same night this is shown at a greater dis- 
tance from the head, and of a little different form, measurement of the 
plates giving velocities as high as 70 miles per second. 

The plate of November 15th, 6 hours, 15 minutes, shows the comet dur- 
ing the latter part of its time of visibility, and when it could be seen for 
only an hour or two before setting, and shows a great variety of detail in. 
the streamers and cordensation in the tail, all of which were invisible in 
any telescope, and were known only through photography. 

About seventy-five plates of the comet were secured in all, and gave 
a fairly complete history of it from September 21st to December 1st. 
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Fretp OBSERVATIONS ON Rusts FoR THE GENERAL BOTANIST. 


By J. C. ARTHUR. 


(Abstract). 

The polymorphic character of many species of rusts, together with 
the discontinuous growth between the forms of most of such species, and 
the further fact that some species live upon unlike hosts at different stages 
of their life cycle, make the study of the rusts unusually attractive for 
those who enjoy a varied problem. A very important part of the field 
observation consists in later visits to the spot where a rust has been found 
in order to ascertain if it is followed by another form of the same species 
either on the same host or on a host of some other kind. In either case, 
but especially the latter, a suitable specimen of the rust may be taken to 
a locality where it does not occur and placed beside a healthy plant of 
the kind observed. It is then watched to see if the rust infects the healthy 
plant. If it does, the correctness of the inference from the first observation, 
that the two forms of rust found to succeed each other in the same locality 
belonged to the same species, is established. But if the healthy plant does 
not become infected, either the two forms found in the original locality 
belong to distinct species and only incidentally happen to follow one 
another, or else the sowing of the rust in the new locality was not well 
done. In either case further trials and observations are required. There 
are many variations to the inferential and deductive reasoning required 
to solve these problems, and to come to a conclusion repeated observations 
may be required extending over many months or even years. 
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Tuer Rust or Trmotuy. 


By FRANK D. KERN. 


(Abstract). 

This paper discusses the importance of timothy rust, showing that it 
is seemingly increasing in distribution. The results of an investigation 
concerning its identity and nature are given, followed by a brief state- 
ment of what may be expected from it in the future. 
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On THE HetTERoEcIOUS Pant Rusts or INpIANA. 
By AARON G. JOHNSON. 


In the study of any organism, a knowledge of its life history is one 
of the things of first interest. Particularly is this true in the study of the 
heteroecious plant rusts, exhibiting, as they do, alternating phases on 
entirely different host plants. The complexity, which these plant parasites 
present, adds varied interest to their study, although the same complexity 
offers abundant obstacles in determining the connection of the various 
forms. 

It is the purpose of this paper briefly to show what has been done 
in the way of connecting forms represented in the State, and what re- 
mains to be done in this particular line. In presenting the unattached 
forms, particularly the unattached aecia, it is hoped to help engage the 
interest of others in assisting in any way possible in properly connecting 
up these forms. The three lists given below show respectively the con- 
nected forms, with the authorities and dates of connection for each 
species, the unattached telial forms, and lastly the unattached aecial 
forms. The first two tables are based on Dr. Arthur’s Revised List of 
Indiana Plant Rusts (Proc. Ind. Acad. Sci. for 1908.) For convenience, 
the familiar genus names Uromyces and ,.Puccinia are used, the species 
names, as far as possible, being revised to date. The third table is based 
on specimens in Dr. Arthur’s herbarium, as are also the aecial forms ap- 
pearing in the first table which have been connected up since the pres- 
entation of Dr. Arthur’s list. For host names Britton’s Manual (2nd. Ed.) 
is followed. The sincere gratitude of the writer is here expressed to Prof. 
J. ©. Arthur for access to his very valuable herbarium as well as to his 
extensive library. Most able assistance was also given throughout by 
both Dr. Arthur and Mr. F. D. Kern, for which the writer is very greatly 
obliged. 

The life histories of thirty-four species of heteroecious rusts repre- 
sented in Indiana are now known. The aecial stage, however, of nine 
of this number is not known to occur within the State. In some cases 
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it may have been missed by collectors, as on Larix, for example, and may 
subsequently be found; in others, however, it is doubtful if the aecial stage 
occurs here. In this case the species doubtless depends entirely upon its 
urediniospores for reinfection of its host from year to year. Such, for 
instance, is no doubt the case with the Poa rust (P. epiphylla) and the 
leaf rust of cereals and certain grasses (P. Rubigo-vera). 

In view of these facts it seems very doubtful that all of the sixteen 
still unattached telial forms in the Siate have their respective aecia here. 
In the first place, only nine unattached aecia are reported for the State, 
though others may occur. In the second place, and apparently much the 
better reason for the inference, of the thirty-four connected-up species 
previously mentioned, only twenty-five have their aecial forms reported 
for the State, while all of the connected-up aecial forms reported for the 
State have their telial forms here also. This latber being very natural to 
suppose for the teliospores are not readily transported by the wind or 
otherwise, and the sporidia, which give the aecial infection, are very 
perishable and entirely incapable of being blown very great distances and 
still remain viable. Hence there seems little if any question but that 
some unattached telial forms come into the State by uredinial infections, 
and are thus kept up through the season and possibly even from season 
to season in some cases. The aecia belonging to such forms may, there- 
fore, be far distant. 

This condition, then, centers our interest in connecting unattached 
forms, largely on the unattached aecia. For of necessity, their respective 
alternate forms must be somewhere in the immediate vicinity of their 
occurrence, except in the few cases where the aecial mycelium is peren- 
nial, in which cases the forms may become somewhat separated. By care- 
fully searching for and finding unattached telial forms, especially near 
where the unattached aecia occur in abundance, clews may often be ob- 
tained that may ultimately lead to proof of the genetic relationship of 
such forms. 
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TELIAL FORMS WHOSE AECIAL CONNECTIONS ARE UNKNOWN. 


Coleosporium Ipomoeae (Schw.) Burr. 
Coleosporium Vernoniae B. & C. 
Pucciniastrum Agrimoniae (DC.) Diet. 
Pucciniastrum Hydrangeae (B. & ©.) Arth. 


Uromyces graminicola Burr. 
Uromyces Rynchosporae Ellis 
Uromyces perigynius Halst. 
Puccinia Ellisiana Thuem. 
Puccinia emaculata Schw. 


Puccinia Muhlenbergiae A. & H. 


Puccinia vexans Farl. 
Puccinia Melicae Syd. 
Puccinia apocrypta E. & T. 
Puccinia Dulichii Syd. 
Puccinia vulpinoidis D. & H. 
Puccinia ludibunda E. & E. 


on Ipomoea pandurata. 

on Vernonia spp. 

on Agrimonia spp. 

on Hydrangea arborescens. 
on Panicum virgatum. 

on Rynchospora alba. 

on Carex virescens. 

on Andropogen scoparius. 
on Panicum capillare. 

on Muhlenbergia spp. 

on Atheropogon curtipendulus. 
on Melica diffusa. 

on Hystrix Hystrix. 

on Dulichium arundinaceum. 
on Carex vulpinoidea. 

on Carex sparganioides. 


AECIAL FORMS WHOSE TELIAL CONNECTIONS ARE UNKNOWN. 


Aecidium sp. 

ecitiast sp. 

Aecidium Dicentrae Trel. 
Aecidium sp. 

Aecidium Napaeae Arth. 
Aecidium hydnoideum B. « C. 
Aecidium Polemonii Pk. 


Aecidium Physalidis Pk. 


Aecidium Compositarum Ambrosiae Burr. 


on Syndesmon thalictroides 
(Rue Anemone). 

on Anemone Virginiana 
(Tall Anemone). 

on Bicuculla cucullaria 
(Dutchman’s Breeches). 

on Euphorbia commutata 
(Tinted Spurge). 

on Napaea dioica 
(Glade Mallow). 

on Direca palustris 
(Leather-wood). 

on Polemonium reptans 
(Greek Valerian). 

on Physalis heterophylla 
(Ground-cherry). 

on Ambrosia trifida 
(Great Ragweed). 
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Some ANOMALIES IN THE FEMALE GAMETOPHYTE OF PINUS. 
By D. M. Motrtirr. 


The object of this note is to call attention to some peculiarities in 
the number and arrangement of archegonia and to certain other anomalies 
similar in character to those reported for the same and other species of 
Pinus. In her excellent and elaborate paper on the life history, etc., of 
Pinus, Miss Ferguson has directed attention to a number (9) of archegonia 
arranged along the top and sides of the endosperm of Pinus montana un- 
cinata, together with other peculiarities regarding the number, origin and 
position in other species (Proc. Washington Acad. Sci., 6: 1-202, 1904). 

In the work of a class of advanced students studying the gametophyte 
and embryogeny of Pinus, a number of peculiarities mentioned in the fol- 
lowing have been found to be of rather frequent occurrence. In Pinus 
austriaca (a form of P. laricio frequently cultivated), several instances 
were observed in which a group of archegonia occurred at the chalazal 
end of the endosperm in addition to the group normally at the top or 
micropylar end. In addition to this a few cases were found in which a 
third group of archegonia was present at one side. Among those ovules 
in which a group of archegonia was present at either end, one case is 
especially of note in which a total of eleven archegonia was present, 
two near the micropylar and nine at the chalazal end of the gametophyte. 
The two near the micropylar end were not directly at the top but at oppo- 
site sides of that end. The nine at the chalazal end were arranged in 
groups of three each. One group of three was at the end, the others be- 
ing more deeply seated. The second three were just beyond the first and 
a little to the right, while the third group was beyond the second, though 
somewhat to the left. In the majority of cases here under consideration 
the collections were made before the archegonia were mature, the ventral 
canal cells not having been formed. Four of the archegonia near the 
chalazal end had fused in pairs, a cytoplasmic union having taken place 
at the contiguous sides. This was made possible by the absorption of 
several sheath, or jacket, cells separating the archegonia. The three 
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groups were separated from each other by a layer of tissue from one to 
three cells in thickness. The central cells of two of the archegonia of 
the end group had fused at the outer ends only, although the sheath cells 
had entirely disappeared along the contiguous sides, leaving only a deli- 
cate line between the plasma membranes of the slightly shrunken cells. 
No nuclear fusions had taken place. Near each of these several arche- 
gonia one or more sheath cells had begun to bud out apparently to form 
archegonia as figured by Miss Ferguson (lc, Fig. 265). In several 
preparations showing one or more of the anomalies herein mentioned, the 
enlargement of one or more of the sheath cells was of frequent occurrence. 
These enlarging cells possessed each a large nucleus and a dense cytoplasm, 
showing that they were being well nourished. In one ovule presenting 
a group of archegonia at each end of the endosperm, two large cells very 
poor in cytoplasm and about one-third the size of the normal archegonia 
lay between a normal archegonium and the end of the gametophyte at the 
chalazal extremity. From all appearances they had developed from 
sheath cells. They were not surrounded by jacket cells, hence their sparse 
cytoplasm. 

Of this class of anomaly, namely, the presence of archegonia at oppo- 
site ends of the gametophyte, a few cases were observed in which there 
were three separate groups, one at each end and one at one side nearly 
midway between the extremities. In another instance the nucleus of the 
central cells had divided, the two daughter nuclei, which were well formed, 
lying in contact side by side. In this ovule all archegonia were immature; 
the ventral canal cells were not formed, and there was no fusion of the 
central cells. The two nuclei must, therefore, have been formed by the 
division of the nucleus of the central cell. 

A second class of anomaly was observed in a single instance. It was 
the presence of a pollen tube containing supernumerary nuclei. This tube 
had grown down prematurely along one side of the endosperm and had 
just begun to indent the latter. The tube contained the two male nuclei 
surrounded by the cytoplasm of the body cell, together with about twelve 
other nuclei varying greatly in size. The largest of these nuclei were 
about the size of the male nuclei or larger. Their structural details 
were sharp and distinct; each contained a very distinct, but delicate, 
nuclear net with two or more relatively small nucleoli. In the same oyule 
another pollen tube had traversed about two-fifths of its way down through 


the nucellar tissue. In tbis ovule archegonia were present at each end 
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of the gametophyte. ‘These organs were not mature; the adult size had not 
been attained nor were the ventral canal cells cut off. 

A third kind of peculiarity was observed in two instances in which 
three archegonia formed a group at the geometrical center of the endo- 
sperm. There was no sheath layer between adjacent sides of their central 
cells, but on all other sides they were surrounded by the typical jacket 
layer. In one archegonium of this group a ventral canal cell was in 
process of formation; the other two were younger. No canal or opening 
leading to the surface of the gametophyte could be made out, neither were 
any necks distinguishable in connection with these nor with many other 
cases mentioned in preceding paragraphs. 

A fourth peculiarity to be recorded is the premature arrival of the 
end of the pollen tube at the archegonium. In two different cases out of 
the material used the pollen tube had reached an archegonium in which 
the ventral canal cell had not been formed, nor bad these organs attained 
their adult size. In one of these instances the tube had actually pene- 
trated the archegonium, but had not discharged its contents. 

Of the number of ovules of Pinus austriaca in the collection from which 
these anomalies were found, about one-tenth showed archegonia in either 
end of the endosperm. <A few anomalies similar to those were observed 
in Pinus virginiana. in this paper the author has endeavored only to 
record the facts as observed, reserving a discussion of their probable sig- 


nificance until more data will have been collected. 
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Notes on THE Native SeEepuEss PERstmmMon. 


(Preliminary Report.) 
By WitLiAM L. Woopsurn. 


In the vicinity of Indiana University there are a number of persim- 
mon trees (Diospyros Virginiana L.) which during the year 1908 bore 
large numbers of seedless fruits. No single tree, however, was found which 
bore only seedless berries, while four or five bore fruits nearly all of which 
contained seeds. The size of the seedless berries, their distribution on the 
tree, the time of ripening and their flavor as compared with those contain- 
ing seeds was noted. A preliminary study of the embryology of the per- 
simmon was also made. Entire ovaries were fixed in chromic-acetic acid 
and embedded in paraffin for sectioning, and later as the ovaries hardened 
ovules were similarly prepared. As later developments showed, the ma- 
terial was taken from a part of the tree which bore for the most part 
seedless berries, so that the development of the embryo was not observed. 
This led to a careful observation of the distribution of the seedless per- 
simmons on the tree. 

As the persimmons matured it was noted that the lowest branches 
of the tree from which the material was collected bore mostly seedless 
fruits, while somewhat higher were a few with seeds, and in the top of 
the tree the majority contained seeds. The seedless fruits on this tree 
were somewhat smaller than those containing seeds. Another tree younger 
than the one just mentioned bore throughout the branches berries with 
and without seeds, although more seedless below than above. On this 
latter tree there were many seedless fruits quite as large as the others. 

The following questions naturally arise: Why did one tree produce 
persimmons on the lowest branches which were practically all seedless, 
while the majority en the upper part produced seeds? Did fertilization 
depend on the transfer of pollen from some other tree bearing only stami- 
nate flowers, since all the flowers examined contained sterile stamens, but 
these were from a part of the tree which bore only seedless berries? Or 
were there perfect flowers present which produced all the fruits containing 
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seeds? Is pollination necessary for the production of a well-flavored and 
good-sized fruit? Is the absence of mature seeds due only to the lack of 
fertilization ? 

In regard to the first question observations have been made which 
answer it only in part. At the time of flowering, which occurs about the 
last of May and the first of June, ovules were prepared for sectioning 
from the lower part of the first tree already referred to. No difference 
was noted among the flowers, although those in the upper part of the tree 
were not examined. The flowers from the lower part so far as noted bore — 
a well-developed pistil but sterile stamens. Sections through the ovaries 
of these flowers showed occasionally a well developed embryo sac, but in 
some instances complete embryo sacs were not observed. Quite often the 
antipodal cells, part of the egg apparatus or the polar nuclei seemed to 
be lacking. Difficulties in staining due to the presence of tannin in cer- 
tain parts of the ovary may have been responsible for this apparent con- 
dition. The polar nuclei were found seyeral times in an early state of 
fusion, but further than this there were no evidences of endosperm or em- 
bryonal development in any part of the embryo sac. The contents disor- 
ganize and small aborted seeds which often occur seemed to be due merely 
to a slight growth of the integuments. There were no evidences noted of 
either fertilization or pollination having taken place. 

As regards the transfer of pollen from staminate trees, the latter are 
not known to exist within three or four miles of the tree in question. 
Whether bees carry pollen to this tree from a distance has not been ob- 
served. If the tree bears in part perfect flowers, which has not yet been 
determined, this may account for the production of seeds in some fruits 
and not in others. The flowers so far as examined contained only sterile 
stamens. If no perfect flowers are present the question as to the absence 
of seeds being due to the lack of fertilization becomes of some import. 

While the seedless berries on this tree were nearly all small, on a 
second tree seedless fruits were found quite as large as the others, the 
flavor in each case being quite as good if not better, since the seedless 
fruits as a rule have less of the astringent quality so characteristic of 
most persimmons until thoroughly ripe and which often persists even 
then. Whether the large size of the persimmon with seeds is due to the 
influence of fertilization or to some native quality of the pistillate flower 
has not been discovered. 

The Industrialist (No. 20, March, 1904, Kansas State Agricultural 
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College) figures and describes imperfect staminate flowers as borne on 
separate trees from those bearing perfect flowers. Among the perfect 
flowers on the same tree are sometimes borne imperfect pistillate flowers 
From the perfect flowers and the imperfect pistillate flowers similar fruits 
ripened, but no occurrence of seedless fruits was noted. Purdue University 
Agricultural Experiment Station Bulletin No. 60 reports two or three 
varieties of seedless persimmons which had been sent into the station. 

A second tree already referred to bore mainly seedlss fruits. In the 
upper part of the tree about 75% of the persimmons and in the lower part 
probably about 80% were seedless. Sometimes an entire picking (the 
fruits do not all ripen at the same time) would be seedless. These persim- 
mons were excellently flavored, of a good size, and usually ripened earlier 
than those with seeds. The seedless, however, do not always ripen earlier, 
for some of the greenest on the tree, after ripening had begun, were found 
to be seedless. On the other hand, the earliest ripe were always seedless, 
one having been found on August 20th ripe and well flavored but rather 
small. 
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Testing Srrp Corn By SpeEctiric GRAVITY. 
By HeErsert A. DUNN. 


The corn of our native Indians as found by the first settlers in this 
country was small in size and of an inferior quality. The white man real- 
ized the possibilities of this new corn and at once began to select and im- 
prove it. This has been a slow process, and more improvement has prob- 
ably been made in the last generation than in all the years preceding. 
The average yield in the United States for the decade ending in 1875, ac- 
cording to J. W. T. Duvel, assistant in the seed laboratory, Bureau of 
Plant Industry, Washington, was 26.07 bushels per acre, and the yield for 
the decade ending in 1905 was 25.2 bushels; the largest yield in any one 
year was in 1906, 30.3 bushels per acre. 

During the year 1907 practically one hundred million acres were 
planted in the United States, requiring sixteen and a half million bushels 
of seed. Observation has shown that 20% of this seed does not germinate, 
the chief reason for this being carelessness in selecting and caring for the 
seed corn. 

The yield will depend on the vitality of the seed and on contingency 
of the weather and soil and cultivation. In years past corn has been 
planted with little thought of the type of grain and germinating power ; 
often only a random test was made by the aid of a pocket knife. Hx- 
perienced farmers say that this is a fairly good test but experiment sta- 
tions rely on and advocate the germinating test. Both of these tests re- 
quire much time. ; 

Since the yield is largely dependent on the quality of the seed corn, 
a comparatively simple and efficient seed test is very desirable. 

One day I accidentally dropped some kernels in a basin of water. I 
noticed that the majority of the kernels lay flat on the bottom, while 
some stood on end, and on examining the latter they were found to be 
shriveled on the germ end, or had blisters. This gave me an idea of using 
a specific gravity test, for it must be evident that by increasing the density 
of the solution the light kernels would rise to the top. The question arose: 
What should be added to the water that is both harmless and cheap? I 
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decided on glucose, one part of glucose to three of water, Sp. Gr. 1.21. In 
this mixture the light kernels came to the top. I thus had light and heavy 
kernels, and with these I experimented as follows: 

First Test.—3800 kernels were taken from every other row of an ear 
that tested “good” in the usual “seed box” germinating test: Lot 1, 800 
kernels from the alternating rows were divided into two lots by the specific 
gravity test; lot 2 showed 258 heavy grains; lot 3, 42 light grains. (Lot 
1 was not put in solution.) The vitality of these three lots was deter- 


mined by testing in a box, under identical conditions. 


GERMINATING RESULTS. 


IOGie Ik (ROP Sic UIMSNS Boo oho ooo AE NO oie eee Re 86% germinated 
IG GiE SS (AEEae SONA ere gow ook dcosas anon anuaoGoDududdD 89% germinated 
Iboie Be (hielmme as gogac cocoons gu abbon Denno odmoua me 69% germinated 


Second Test.—100 kernels were taken from an ear which showed a 
germinating test of 4 dead kernels and 1 weak out of 5 (the usual test 
number being 5). These kernels were separated by the specific gravity 


test and tested as before. 


GERMINATING RESULTS. 


OIE OS POR yan UOT CLS cereney ayetar on citer eps or ohienicnale news alte omerlaite te Melts 47% germinated 
Otether salle MG Wernmel sts. ia sivas tuscan stots orckerctsne: «asveveeloke: vesiey 154% germinated 


Third Test.—100 kernels were taken from two ears which showed 


; 


“extra strong” in the germinating test. They were separated by the specific 
gravity test, which gave a high percentage of heavy kernels, and were 
tested under conditions similar to the above. (It will be noticed that the 


per cent of light kernels is quite small and that all germinated. ) 


GERMINATING RESULTS. 


LCA Val KCTI EIS Hu (ON) txeracs aye evenars tenets yater el obeme unite Meens Ongar Re trues 100% germinated 
PPO ICES Sa Octane ae tersacteee rie ch cus one sue flan eddaete teks siete tele = 100% germinated 


Fourth Test.—Two full rows were taken from 25 ears, in which all 
ofthe five test kernels bad failed to germinate in the “box test.” This 
gave a total of 2,116 kernels. The specific gravity test showed 592 heavy 


and 1,524 light; these were tested as mentioned above. 
GERMINATING RESULTS. 


(Ope Massma ts 2A net miai? elt(eyel nlc) IS a Bean ptcnoio ic cele cicimychcnoias Srnee 54% germinated 


(Opera iltaye Mhiedaye USMS SSG charac eS bce cto Dicom tain) ache 22% germinated 
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Field Test—Out of 125 bushels of selected seed corn, I reselected 
enough to plant a thirty-acre field—from which in turn seed for the fol- 
lowing year was to be selected, and the germinating test for each ear had 
to be high. Out of this reselected seed a sufficient amount was put through 
the specific gravity test until there were enough light kernels to plant a 
row of 80 rods. The test corresponded with test No. 3, that is, 90 per cent. 
of the kernels were heavy; all germinated. These light seed were planted 
in a row alongside of one of heavy; the rows were “checked” and ran 
east and west, the light row being on the south. Now as our prevailing 
winds are from the southwest, one can readily see how there might thus be 
a slight difference: the row of heavy kernels might be fertilized by pollen 
from the light kernels rather than the reverse. 

There was no perceptible difference in the appearance of these two 
rows, but when a count of stalks was made in August, the heavy row 
showed an excess of 129. When ripe, the ears from each row were husked 
and weighed, and there was found to be a difference of 20 pounds in favor 
of the heavy row—equivalent to nearly three bushels to the acre. 

My conclusions from these experiments are as follows: 

1. To test seed corn by the germinating test is time-consuming and 
expensive, and requires great care. 

2. Choosing five kernels to represent 600 to 1,000 others from an ear 
does not prove to be an infallible method. (Test 4.) 

3. To test by specific gravity is simple, rapid, and inexpensive. 

4. The specific gravity test enables one to eliminate the weak kernels 
in a Simple and practical manner. 

5. The crucial test, the field experiment, shows that the light grains 
should be discarded. 
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NovTEsS ON THE FLORA OF Cass CounrtyY. 
By Ropserr HESSLER. 


(Abstract. ) 

This paper embraces a large collection of notes on the flora of Cass 
County, covering the years from 1894 to 1908, excepting the years 1898 and 
1899, when the writer was away. The paper relates more particularly to 
plants which are not of general distribution in the State. The notes given 
under the different species of plants may be grouped as follows: 


(a) Relating to plants, especially weeds, that have recently wan- 
dered in, particularly along the railways, either to maintain themselves 
and perhaps overrun the country, or, on the other hand, to lead a pre- 
carious existence for a year or two and then again disappear. 

(b) Relating to plants that are apparently extinct or on the verge 
of extinction on account of the destruction of their natural habitats, as 
the cutting down of forests and bringing the ground into cultivation, or 
by simply thinning the trees to such an extent that shade-loving plants 
ean no longer thrive. Moreover, with the thinning of the trees many weeds 
come in, also grasses, and they tend to crowd out the native plants. The 
draining of wet places, of swamps and bogs, has been going on actively in 
recent years and few such now remain in Cass County. There are fewer 
and fewer places where plants that were once common are now to be found, 
and it is only a matter of time until these, too, will lose their native flora. 
The old-time rail fence has furnished a home for many species, to which 
the wire fence gives no protection. 

(ec) Relating to plants that are undoubtedly native but which seem 
to come and go, being found in one locality for a year or a few years, and 
then disappear, to reappear in a distant locality and where they had not 
been seen before; that is, like people, they seem to be moving about—es- 
pecially plants that are fond of moist soils; perhaps birds carry the seed. 

(d) A lot of notes not fully worked up (for lack of time) relating to 
plants ‘of interest on account of their medicinal or supposed medicinal 
value—either as “simples” or as real remedies used by the educated phy- 
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sician (a number are used by the patent and proprietary medicine men, 
with extravagant statements as to their value). : 

One can distinguish between: (1) Plants that have been brought in 
purposely, or which have come in accidentally, the ancient medical lore 
connected with them being continued; (2) Native plants to which old 
European lore has been transferred, often along with the old Huropean 
names; (3) Native plants about which independent knowledge has been 
obtained (whether real or supposed is at times difficult to determine), that 
is, not based on old statements in Huropean literature. 

The writer wishes these notes to be considered as a contribution to 
the knowledge of the flora of Indiana, and as showing more particularly 
how old plants are disappearing and new ones coming in. The writer 
says: 

“This is a subject that should be of interest to botanists everywhere, 
and especially to the amateur. To me it is certainly a great pleasure to 
get out occasionally and note the changes that are constantly going on— 
changes so gradual that few are aware of them at all. I have repeatedly 
seen a new plant, generally a weed, come in and within a few years be- 
come a feature of the landscape. We need only think of the White Sweet 
Clover, a rank plant, that in places, especially along country roadsides, 
has crowded out all other plants. 

“In this connection I might refer to my paper on the Adventitious 
Plants of Fayette County, presented before this Academy in 18938, and on 
the Flora of Lakes Cicott and Maxinkuckee, in 1896; also to the many 
papers given before the Academy by men from all over the State. Such 
lists are useful for the purpose of making comparative studies. 

“T hope some one will gather up all the available data and publish them 
for the benefit especially of high school students, many of whom can be led 
to interest themselves in this subject. It is not a difficult matter to be- 
come acquainted with one’s local flora, and to detect new arrivals. Such 
information may also be of value to the farmer. 

“In going over my notes, I realize the importance of making memo- 
randa of observations at the time. There are some facts about the flora 
of Cass County that I thought I would always remember, but I now find 
that I am not sure about the presence or absence of certain plants, say 
twelve years ago, and in my list I have several times been compelled to 
refer to this. One may be reasonably sure about a fact, but unless one 
has notes, made at the time, there may always be some doubt. 
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“I would like to add another word, and that is, the value of the train- 
ing derived in studying botany, in identifying plants, and in noting the 
changes going on. This training is of great value to the man who desires 
to become a physician. To differentiate many species (and we need only 
think of the Asters and Golden-rods) requires patience and close study— 
and the experience is of value to the physician, by helping him to make 
distinctions between diseases and states of ill health that appear as one 
to the careless observer. 

“T may add that a number of photographs have been taken of native 
plants in localities or habitats that are now undergoing destruction, es- 
pecially of Swamps and bogs and wet woods. A few years more and the 
localities will be wholly altered, and with this alteration the flora will 
have disappeared; it will exist only in herbaria, in photographs, and in 
memory.” 
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A New ANTHRACNOSE ATTACKING CERTAIN CEREALS AND 
GRASSES. 


By A. D. SELBY AND THos. F. MANNS. 


(Abstract. ) 


This paper states briefly the results of culture investigations of a 
fungus described as Colletotrichum cereale, n. sp. This has been found to 
be present over the State of Ohio, attacking the spikes, culms and sheaths 
of rye, the culms and sheaths of wheat, oats, chess, orchard-grass, timothy, 
red-top and blue-grass. Upon the cereals the attack is timed to the ap- 
proaching maturity of the plant and produces marked shriveling of the 
grain. The behavior of the fungus on different media is stated, and dif- 
ferent illustrations are included. It will be published in bulletin No. 203 
of the Ohio Agricultural Experiment Station. 
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Tur DISSEMINATION OF DisEASE BY MEANS OF THE SEED OF 
THE Host Puant. 


By M. F. Barrus. 


(Abstract from thesis presented in June, 1908, at Wabash Collegee, Craw- 
fordsville, Indiana, for Eastman Biological Prize.) 

It has been known for a long time that diseases can be spread by 
means of the seed of the host plant. As early as 1730 Jethro Tull recom- 
mended a change of seed to avoid smut. Since then the list of such dis- 
eases has steadily increased until now there is a large number of them. 

A knowledge of the method by which infection of the seed takes place 
and of the subsequent growth of the parasite is of value, since it will re- 
veal a vulnerable point of attack, if there be any, in seeking means of 
controlling the disease. It is the purpose of this paper to indicate briefly 
those diseases of cultivated plants which are disseminated by means of 
the seed of the host plant and to point out the method by which the seed 
becomes infected. 

These diseases can be divided into two classes, those which infest the 
seed internally, i. e., the organism entering the maturing seed and existing 
within in a dormant condition until the germination of the seed; and those 
which infest the seed externally, i. e. the organism or its spores becoming 
attached to the surface of the seed and entering the host plant at the time 
it germinates. The diseases belonging to the former class are the An- 
thracnose of Beans, the Blight of Peas, the Loose Smut of Wheat and 
Barley, and possibly a few of the Rusts. Under the latter class may be 
included most of the Smuts, the Wilt of Flax, and probably some of the 
Rusts and a few Bacterial diseases. 


BEAN ANTHRACNOSE. 
Colletotrichum lindemuthianum (Br. & Cay.) on Phaseolus vulgaris. 
The fungus causing this disease survives the winter in the seed of 
the host plant. If the affected pods are allowed to ripen on the vines, the 
mycelium of the fungus penetrates further and further, eventually entering 
the seeds, usually causing them te become spotted (Figs. 1 and 2). Here 
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the mycelium remains in a more or less dormant state until conditions are 
favorable for the germination of the bean seed, when it renews its activity. 

An examination of a diseased seed will reveal an abundance of my- 
celium in the infected portions. By carefully treating the seed with hot 
water or formalin to rid them of surface fungi and placing them in a 
sterile moist chamber, one is able to obtain spores in great profusion on 
the seed before it has germinated and later on the cotyledons, stems and 
leaves of the seedling in the sunken and discolored cankers caused by the 
fungus. Dr. Halstead reports that he has found spores of the Anthracnose 
on the dry beans, especially in the cavity between the cotyledons. 

In the germinating plant, no doubt the plumule is often infected by 
contact with the diseased portions of the cotyledons. (Fig. 3.) Spores, 
however, are produced upon the cotyledons after the bean has expanded 
its true leaves and when released by the dissolution of the mucilaginous 
matrix they are washed to the ground or on the stems below. The stems 
become infected from these spores and cankers are formed at the infected 
places. Often these cankers encircle the stem and thus cut off the supply 
for the leaves above. Sixty-one German Wax Beans apparently healthy 
were planted in the greenhouse. When well up five were observed which 
had infected cotyledons, the others appearing healthy. Seventeen days 
after planting thirty-one of the plants were affected by the disease at the 
base of their stems, showing, doubtless, that spores from the cotyledons 
of the five plants had infected the stems of the others. (Fig. 4.) 

When the plants are moist the spores of the fungus are in a condition 
to be easily disseminated, so that working among the plants at this time or 
otherwise disturbing them aids in the dissemination of the fungus if any 
diseased plants are present. Even the wind aids dissemination by scatter- 
ing contaminated drops of water to healthy plants, or by blowing the plants 
against each other. In this way the disease spreads to the leaves, stems 
and pods of the plant during the growing season. 

The selection of seed from unaffected pods seems at present to be the 
most satisfactory method to pursue in controlling the disease. The pods 
should be selected in the field and only such as are perfectly free from all 
evidence of disease should be selected. Apparently healthy beans within an 
infected pod may harbor the mycelium of the fungus without showing any 
evidence of it. Enough seed can be selected in this way to plant small 
patches. Those who grow large areas should select enough beans to plant 


1. Halstead, B. D., The Anthracnose of the Bean. A Remedy Suggested. Ann. 
Rept. N.J. Agr. Exp. Sta. 1891, p. 284. 


115 


half an acre and use the beans from this seed-patch for subsequent plant- 
ings. By careful selection after this manner each year the disease can be 


controlled to a profitable extent. 


SUNSCALD OF PEA. 
Ascochyta pisi Libert. on Pisum sativum. 

During the summer of 1907, my attention was called to this disease 
affecting the garden pea. As observed at this time, the leaves, stems and 
pods were badly spotted. (Fig. 5.) The spots on the pods were not con- 
fined to the surface alone, but in many cases extended entirely through 
the pod, as was evident from the fact that spots were found exactly op- 
posite those on the other side and the seed between the affected portions 
was discolored or distinctly spotted by the disease. I gathered a number 
of the diseased pods of both early and late varieties and planted twenty- 
three seeds of each variety in the greenhouse during the winter following. 
Several seeds of the late variety were distinctly spotted. All of the early 
variety germinated and thirteen of the late variety. Those that did not 
germinate were found to be decayed. Soon after they came up, nearly all 
of the plants died. Usually the stem near the base withered and turned 
brown, resulting in the death of the young plant. 

Five of the forty-six planted lived and produced pods. Even the lower 
leaves of these withered and dropped off, giving the plant a very straggling 
appearance. No spots such as were cbserved on the plants grown in the 
garden were to be seen, contrary to my expectation, but from the descrip- 
tion of the disease given by others,’ the trouble was undoubtedly due to 
Ascochyta. 

Kruger, a German mycologist, found that if diseased seed was soaked 
in water from forty-eight to seventy-two hours, the mycelium of the fungus 
would completely encircle it, and grow out into the water, forming a white 
mass of radiating threads. Van Hook verified this statement and also found 
that if the diseased pea seed were placed in a germinator for a few days 
a heavy coat of white mold would be formed about them in which, if seed 
were removed to a covered dish with less moisture, numerous reddish- 
brown pycnidia would be formed.? These pycnidia were produced by the 
mycelium of the fungus which had lain dormant in the seed since its ma- 
turity. When the conditions were right for the germination of the seed 
the fungus renewed its growth. The mycelium grows within the stem con- 


1. H. G. Howell, J. M. Van Hook. 
2. Van Hook, J. M., Blighting of Field and Garden Peas. Ohio Bul. 173, 1906. 
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currently with the growth of the plant, causing lesions at its base and a 
withering of its lower leaves, and often its death before or soon after its 
appearance. Probably the embryo is affected by the fungus in most cases 
where the seeds do not germinate. The spores exuded from the lesions on 
the stems, leaves and pods are scattered by the wind and other agents, and 
infect healthy plants. If the spotted pods are left upon the vines until the 
seeds are mature the mycelium penetrates some of these seeds, which thus 
carry the fungus over the winter, making this an important means for the 
dissemination of the parasite. 

Seed treatment has not been very effective in controlling this disease 
which, fortunately, with the exception of an occasional epidemic, is not 
very destructive. Rotation of crops is one method usually recommended. 


LoosE SMUT OF WHEAT. 
Ustilago tritici (Per.) Jens. on Triticum vulgare. 


It was formerly thought that the spores of this fungus became at- 
tached to the coat of the healthy seed and germinated at the time of the 
germination of the seed, infection threads from the promycele penetrating 
the first leaf-sheath, as is the case with stinking smut. But later inves- 
tigations have made quite certain that the germinating spore infects the 
pistil of the healthy wheat at flowering time, the mycelium establishing 
itself within the ovary during its development and remaining dormant in 
the ripened seed until it had germinated, the mycelium then continuing 
its own development.’ This fact explains why the results of seed treat- 
ment for this species have been negative to so large a degree. 

During the latter part of June, 1907, 1 inoculated many wheat plants 
with the spores of U. tritici by dusting the young stigma with the spores. 
The stigma seemed to be most receptive when quite young. Records of 
inoculations were kept and heads gathered at varying intervals of time 
‘from date of inoculation. A pistil examined one day after inoculation 
showed that a number of spores adhered to the stigmas and that several 
had germinated. It was hoped that the point of infection would be ob- 
served and although the germ tubes of spores were seen directed toward 
the interior of the stigma, none were seen entering or within. Spores 
were also germinating on the surface of the ovary and it may be that the 
point of entrance is through the ovary coat. Of those seeds which were 


1. Brefield and Falek, K., Flower Infection by Smuts. Untersuch. ges. Gebiet 
Mykol. 1905, No. 13. Abs. in Bot. Centbl. 101 (1906) No. 8: 212-213. : 
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allowed to mature after being inoculated, thirty were planted in a box in 
the greenhouse on October 10th, 1907. On the 15th of May, 1908, the re- 
sulting wheat-plants had begun to head out. All the heads were more or 
less smutty. The majority of them were reduced to a mass of spores as 
is commonly observed in the field. In a few cases the ovary was the only 
part entirely destroyed, the outer portion being unaffected or only streaked 
with sori containing the spores. As the wheat plant develops the mycelium 
of the fungus grows upward probably much after the manner of the my- 
celium of the stinking smut. It enters the young head early in its forma- 
tion and branches into numerous sporogenous hyphae, which completely 
destroy the pistil and other parts of the flower. These hyphae divide into 
a number of cells within each of which a chlamydospore is formed as in 
Oat Smut. The walls of the hyphae become gelatinous and later disap- 
pear, leaving the spores free. These dry on exposure to the air, forming 
a dusty mass so commonly observed at the flowering time of wheat. These 
spores are blown about by the wind and infect the ovaries of healthy 


heads, thus establishing the fungus for another year. (Fig. 6.) 


NAKED Smut or BARLEY. 
Ustilago nuda (Jens.) Kell. and Sw. on Hordewin vulgare. 

This Smut is similar in methods of attack and in field characteristics 
to the Loose Smut of wheat. The head is reduced to a mass of spores 
which are scattered at the flowering time of barley. These spores infect 
the ovaries of the healthy plants in which the mycelium of the fungus 
develops until the seed is ripe, remaining throughout the winter in a dor- 
mant condition and continuing its growth concurrently with the growth 


of wheat after seed is planted. 


THE STINKING SMUT OF WHEAT. 


Tilletia foetens (B., & C.) Trelease and T. Tritici (Bjerk.) Wint. on Tviti- 
cum vulgare. 
Tilletia foetens has a spore with a perfectly smooth coat, while the 


’ 


epispore of 7’. tritici is much reticujated. Their method of infection and 
srowth are similar. 

The spores of these two smuts are scattered about at harvesting time 
or in some other way become attached to the healthy seed. When placed 
in a situation favorable for their germination they send out a short, thick 
promycelium and at its tip is borne a cluster of slender tapering sporidia 


[9—21363 ]} , 
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which conjugate in pairs. Infection threads are either produced by these 
sporidia capable of penetrating the host plant or, as is usually the case, 
secondary sickle-shaped sporidia are borne on short filaments and these 
sporidia produce infection threads. The formation of sporidia greatly in- 
creases the chances of the fungus to infect the host. 

The infection of the wheat plant takes place soon after the germina- 
tion of the grain and even befcre the first leaves are put forth. Hoffman 
believed that the infection threads can enter only the sheathing primary 
leaf or the collar between the root and stem while they are yet very young 
and delicate and concludes that anything which would hasten the growth 
of the young plant would tend to lessen the chances of infection... Bolley 
believes that infection does not take place unless there is a large num- 
ber of sporidia in close contact with the seedling during the infection 
period.2) The mycelium after gaining entrance to the young plant pushes 
its way upward with the growth of the host, the older mycelium dying and 
its contents passing upward into the young advancing ends, and finally 
fruits in the ovaries by the production of chlamydospores from sporogenous 
hyphae that have developed abundantly in them. The Stinking Smut 
differs from the Loose Smut of Wheat in that the destruction is entirely 
confined to the ovary contents. The ovary coat is left intact, so that one 
would easily fail to recognize any infection unless he made particular ob- 
servation or noticed the disagreeable odor characteristic of the fungus. 
The affected kernels are somewhat larger than healthy ones and this in- 
crease in size causes the florets to spread, making the head more open 
than a healthy one. When the kernels are cut open they are found to 


be filled with a mass of olive-brown spores of a greasy character. 


Tue Loose SMUT OF OATS. 


Ustilago avenae (Pers.) Jens. and 


THe Hippen Smut or Oats 
Ustilago levis (I<ell. & Sw.) Magnus on Avena sativa. 


There are two distinctive species of oat smut called respectively the 
Loose and the Hidden Smut of Oats. Both are much alike in their methods 
of development and both succumb to the same method of treatment. Us- 
tilago avenae is by far the commoner and is the one which causes the 

1. Note from Kellerman and Swingle, Report on the Loose Smut of Cereals. 2d 
Ann. Rept. Kan. Exp. Sta. 1889, pp. 213-238. 


2. Bolley, H. L., New Studies upon the Smuts of Wheat, Oats and Barley N. Dak. 
Bul. 27, 1897. 
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greatest damage of all grain smuts in the United States. The disease 
makes its appearance at the time of blossoming of the oat-plant, the whole 
head becoming a dusty olive-brown mass. The infected flowers are 
entirely destroyed by the disease and even the awns are affected. 
In the Hidden Smut the spore mass is more or less concealed by an outer 
membrane of the floral parts that remain intact from the disease. The 
dusty mass is made up of great numbers of spores which are blown about 
by the wind, some being caught in the open glumes of flowering oat-plants. 
Since after blossoming the glumes close tightly about the ovary, such spores 
are held imprisoned and remain so until the seed is in a condition to 
germinate. Then the imprisoned spores germinate after the manner of 
several smuts, producing a three or four-septate promycelium, which usu- 
ally bears oval or elliptical sporidia at the apex or laterally at the septa. 
Infection threads are usually produced by these sporidia, but the promy- 
celial threads may also produce them. These infection threads gain en- 
trance to the host by piercing the delicate young cells of the first leaf- 
sheath before the leaf has appeared. Plants are free from infection after 
the growing leaves have pushed themselves as much as one c. m. through 
the leaf-sheath. Brefield found by experimentation that oats germinated 
up to 15° C. gave 3 per cent. smutted heads, but when grown at a higher 
temperature give 1 to 2 per cent. smutted heads or more.! This bears out 
ordinary experience that late sown oats while more liable to rust are 
freer from smut. This immunity is probably due to the short period when 
the plant is open to infection as a result of the rapid germination and 
growth of the seed in the more favorable condition of temperature. 

In from thirty-six to forty-eight hours after infection considerable 
mycelium will be developed which penetrates the first and second leaves 
and gains entrance to the stalk or culm. It grows upward and invades 
the young head in quite the same manner as in case of other smuts. In 
place of a healthy head, a dusty mass of spores appears, which are scat- 
tered to healthy heads by the wind. 


1. Brefield, O., Recent Investigations of Smut Fungi and Smut Diseases. Trans 
by Erwin F. Smith, Jour. Mycol. VI, pp. 1-8; 59-71; 153-164. 1890-91. 
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COVERED SMUT OF BARLEY, 
On Hordeum vulgare. 
Ustilago hordei (Pers.) Kell. & Sw. 


This smut differs from Ustilago nuda in its method of infection and 
in its appearance in the field. The floral parts are not as completely de- 
stroyed and these serve to confine the spore mass and thus keep the spores 
from escaping until threshing time. Although they have a smooth epi- 
spore they cling to the seed and germinate with it, producing sporidia in 
abundance, laterally and terminally. upon a two to three-septate and 
elongated promycelium. These sporidia send out infection threads which 
penetrate the host in its early stage of growth. The swollen segments of 
isolated promycelium may also produce infection threads. The manner of 
growth in the host and the production of chlamydospores is similar to 
that of other loose smut.', * 

OTHER SMUTS CARRIED OvEeR BY THE SEED OF THETR Host PLANTs. 

Grain Smut of Rice. 

Tilletia horrida Tak. on Oryza sativa. 

Head Smut of Sorghum. 

Spacelotheca Reitiana (Kuhn) Clint. on Sorghum vulgaris. 

Grain Smut of Sorghum. 

Spacelotheca sorghi (LIk.) Clint. on Sorghum vulgaris. 

Grain Smut of Hungarian Grass. ‘ 

Ustilago crameri kom. on Netaria italica. 
Leaf Smut of Timothy, Red-top, Blue-grass, and other Grasses. 
Ustilago striaeformis (West.) Miessi. 

Smut of Tall Oat Grass. 

Ustilago perennans QRostr. on Arrenatherum avenaceum, 


And smuts of many wild grasses. 
LAX WiInt: 


Fusarium lini Bol. on Linum usitatissimum and L. humila. 


The spores of this fungus become attached to the seed and germinate 
with it in the soil. These infect the roots of the young plant, often killing 
the seedling before it appears above ground. In case when plants live and 

1. Clinton, G. P., Smuts of Illinois Agricultural Plants. Ill. Bul. 57, 1900. 


2. Kellerman & Swingle, Reports on the Loose Smut of Cereals. 2d Ann. Rept. 
Kan. Exp. Sta., pp. 313-288 : 1889. 
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are able to mature their seeds, they are frequently internally infected by 
the mycelium of the fungus and thus serve to carry the disease from sea- 
son to season.’, *, * 

RwustvTs. 

It is now believed by some pathologists that certain species of Puc- 
cinia are perpetuated by means of the seed of the host plant. Eriksson, 
after long investigation, came to believe that the fungus exists in the seed 
in a mycoplasmic form which can only with difficulty be detected from the 
protoplasm of the cells in the seed. As the plant grows, the mycoplasm 
spreads from cell to cell, finally appearing as mycelium in the intercellular 
spaces. He believes that the rust may be inherited from preceding crops 
by means of this mycoplasm.* It is generally believed that the facts do 
not warrant the acceptance of this theory. Bolley thinks that infection 
may take place from spores inside the seed itself. He found both uredo 
and teleutospores of Puccinia graminis borne in spore beds just below the 
bran layer of wheat and also found plenty of rust-mycelium within the 
seed Eriksson reports seed infection with Puccinia graminis and P. 
glumarum in wheat, oats, and barley, and P. dispersa on rye. Noack re- 
ports a case from Cooke of carnations being affected by rust which must 
have been caused by seed infection and he himself observed an incident 
of celery-rust that was likewise caused by infection from the seed.° 


ANTHRACNOSE OF TOMATO. 


Colletotrichum lycopercici Ches. on Lycopersicum esculentum.' 


BACTERIOSIS, OR BACTERIAL BLIGHT OF BEANS. 


Bacterium phaseoli Sm. on Phaseolus vulgare.’ 

This disease affects the stems, leaves, and pods (Fig. 7) of various 
field and garden beans, including limas. It spreads through the pods into 
the seeds, where the bacteria live through the winter, thus carrying the 
disease from season to season. 


1. Bolley, H. L., Flax Wilt and Flax Sick Soils. N. D. Bul. 50, 1901. 

2. Bolley, H. L., Flax and Flax Seed Selection. N. D. Bul. 55, 1903. 

3. Bolley, H. L., Flax Culture. N. D. Bul. 71, 1906. 

4. Eriksson, J.. A General Review of the Principal Results of Swedish Research 
on Grain Rusts. Bot. Gaz. XXV; 26; 1898. 

5. Bolley & Pritchard, Rust Problems, ete. N. D. Bul. 68: 1906. 

6. Noack, Fritz, Die Verschlepping von Pflanzenkrankheiten durch Simereien. 
Zeitsch. land. u. ver Hersen, 1893, No. 20, pp. 161-2. Trans. by Prof. H. H. Whetzel. 

7. Harvey, F. L., Tomato Anthracnose. Me. State Coll.;Ann. Rept. 1893. Part II, 
Pp. 152, 

8. Whetzel, H. H., Some Diseases of Beans. Cor. Exp.iSta. Bul. 239, 1906. 


Biack Rot oF CABBAGE. 

Baccillus campestre (Pam.) Sm. on Brassica oleracea and B. campestris. 

Infection takes place through the water pores of the leaves. The mar- 
gins become affected and later the whole leaf withers and dies from throm- 
bosis, i. e. by the plugging up of the xylem vessels by the bacilli. It has 
been shown while the bacilli will die when exposed from 8-10 days on a 
dry cover glass, they are able to live ten to thirteen months on the smooth 
surface of a cabbage seed, and that they often pass the winter in such a 
position.* 

STEWART’S SWEET CorN DISEASE. 
Bacterium stewartii. Sm. on Zea Mais. 

This is a thrombotic disease of sweet corn that is believed to be dis- 
seminated from year to year chiefly by means of bacteria clinging to the 
seed.? 


a ponding, A — Vitality of the Cabbage Black Rot Germ on Cabbage Seed. N.Y. 


\Prucha,M.J. ) Exp. Sta. Bul. 251, 1904. 
2. Stewart, F. C., A Bacterial Disease of Sweet Corn. N.Y. Exp. Sta. Bul. 139, 1897. 


‘aSVq IY] 1BIU SUOTSI] SUL 
-MOYS ‘9SouoBAqIUY WIM poyooye szue[d ‘SUOPeTAJO9 JY UO SjOds ssou 
useq JO SMla}s Jo UOAOd AaMO] OY, ‘FSI -OBINJUY SUIMOYS SJUB[d UREeq SUI[ps0g “Ee *SIy ‘SOUDBANIUW ILM pojjods poos uvoq “T Siy 


“a 


*paes 94} peyeajaued peg sns 
-Uly 9) JVYY MOYS 07 SB OS ABMB 
quo JayUBvd YIM pod uBsq °Z ‘Sly 181d DIAYyooos P YALM paqooye spod vag “¢ “si 


*qNULG OSOO7] 04} YIM popooyR JeaM JO Speayy “9 “SIT 


‘VUSILg [Bldoyovg YIM peyjods spod uvaq “1° 


ee Oe 7 et z : ; a > ——- a 


a 


127 


Tar HisrotocicaL DirrFERENCE Betrwren Pinus TAEDA AND 
Pinus PAwustris. 


By KATHERINE GOLDEN BITTING. 


Though the structure of the wood of a tree ,will show considerable 
variation due to environment and conditions of growth, the variation will 
be manifest in the amount of wood formed, and the size of the cells. The 
-characteristics which distinguish the particular wood remain constant, no 
matter what the external conditions may be, so that it is always possible 
to distinguish the wood of any species by the use of the microscope. It 
is not always possible to distinguish woods macroscopically, even by expert 
lumber men. This is particularly true of Coniferous woods, which are 
composed of only one form of element, the tracheides. 

The close macroscopi¢al resemblance of many Conifers, coupled with 
the variety of local names possessed by nearly every species, has caused 
much confusion in the lumber business. At present when a certain lumber 
is specified in a contract, many times the only guarantee that the contract 
will be properly filled will be the resemblance to the lumber named, along 
with information as to the locality from which it was shipped, the latter 
being the more reliable, if it be known to furnish pure groups. 

Two of the hardwood Conifers which are confounded are Pinus taeda 
and Pinus palustris, or as they are more commonly known, Loblolly and 
Longleaf pine. In addition to these Loblolly has twenty-two other common 
names, and Longleaf twenty-seven, three of which are common to both. 

Pinus taeda is of wide distribution, due to its adaptability to grow in 
different soils, consequently it shows considerable variation in its annual 
growth in both height and diameter. The best lumber is obtained from 
trees grown in mixed forests on well drained and fertile soil. These trees 
give the greatest growth in height, and a slower growth in diameter, both 
varying with the age of the tree. The zones of the spring and summer 
wood in the annual ring are nearly equal in extent, the spring wood shad- 
ing gradually into the summer wood. In the gross, the zones are fairly 
distinct, but under the microscope it is difficult to define their proximate 
limit, as seen in the transverse and radial sections. The tracheides in 
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cross-section are approximately square or oblong, those in the summer 
wood being much thickened, leaving an irregular-shaped opening. The 
thickness varies from .00454 mim. in the spring wood to .0106 mim. in the 
summer wood. The length and width of the tracheides also vary, those 
in the spring wood being 6.444 mm. in length by .05606 mm. in diameter, 
those in the summer wood being 6,735 mm. by .033388 mm., being very 
slightly longer but decreased considerably in diameter, the decrease in 
width being accompanied by a greatly increased thickness. These figures 
are taken from the early spring and the late summer tracheides. 

The resin ducts occur singly in both the spring and summer zones. 

The medullary rays are somewhat obscure, one row of cells in width 
and 2 to 17 cells in height, except those which contain resin ducts, which 
widen and have a greater height. 

In the longitudinal sections, the walls show striations which are fairly 
prominent, but have very little bowing apart of the walls. 

Pinus palustris requires a drained soil in which to grow, its seed 
years occur at longer intervals, and thus it has a more limited distribu- 
tion than P. taeda. It also has a lesser height and diameter, but has a 
finer grain, and greater weight. The zones of the spring and summer 
wood are distinct from each other, showing in well-marked lines, the 
summer wood appearing oily and compact as against the lighter line of 
the spring wood. The summer zone varies from about one-third to one- 
half of the annual ring. The two zones are so distinct that unless the 
thickness of the walls be noted carefully, the only difference between the 
limits of the summer wood is that the first growth shows an irregular line, 
whereas, the end of the zone for the year’s growth forms a clean-cut ring. 

The tracheides in transverse section are approximately square or ob- 
long, With approximately round or elliptic openings left in the summer 
wood. Those in the spring wood average 4.4555 mm. in length by .04356 
mm. in diameter, and the walls .00643 mm. in thickness. The summer 
tracheides average 4.8533 mm. in length by .0409 mm. in diameter, and 
the walls .01363 mim. in thickness. There is only a slight difference between 
the tracheides of the spring and summer zones in length and diameter, but 
the thickness of the walls is more than doubled. 

The resin ducts occur singly, near to, and in, the summer wood. 

The medullary rays are conspicuous, being one row of cells, rarely 
more, in width. They vary from 2 to 28 cells in height, except those con- 


taining resin ducts, which are much larger. 
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The walls of the tracheides bow apart to such an extent as to appear 
like a string of beads in the longitudinal sections. 

In distinguishing the woods of the two trees the factors which are 
most prominent and also most readily obtained are in Pinus taeda, the 
junction of the spring and summer wood, in the year’s zone, not distinct, 
the medullary rays somewhat obscure, and close together; in Pinus palus- 
tris spring and summer wood distinct from each other, the medullary rays 
conspicuous and farther apart, having a ratio of 4 to 11 to those in Pinus 
taeda. The other differences noted might be used in verification, but are 


not essential in the differentiation of the two woods. 
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Fig. 4. Pinus palustris. Trans. sec. x 110. 


Trans. sec. x 110. 


1. Pinus taeda. 
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Report or Work In Corn POoLuINATION. 


By M. L. FisHeEr. 


The work here reported was done during the season of 1908. A series 
of six studies was carried out in duplicate, as follows: 

a. To determine period necessary for pollination in the field. 

b. To determine the best condition of silks for pollination. 

ce. To determine time of day when pollination takes place most 
actively. 

d. To determine the result of crossing with pollen from a variety of 
a different color or race. 

e. To determine the vitality of pollen grains. 

f. To determine the effectiveness of hand pollination. 

All prospective ears were covered with paper bags before the silks 
appeared. Where hand pollination was performed, an umbrella was held 
over the shoot and to the windward while it was uncovered. Only the 


” 


results obtained from “td” and ‘e”’ will be reported upon at this time. In 
all but ‘“‘b,” the silks used were three inches or more in length and in fresh 
condition. 

The work under ‘‘d’” was divided into four parts: d'. The silks of 
Reid’s Yellow Dent, a yellow variety, were pollenized with pollen from 
Boone County White, a white variety. Fairly well filled ears were ob- 
tained. The kernels had yellow bodies and almost uniformly whitish 
crowns. A few kernels were yellow throughout. The character of the 
kernel and ear, other than color, was uninfluenced. 
dad. The silks of Reid’s Yellow Dent were pollenized with pollen from 
Stowell’s Evergreen, a sweet corn, whitish in color and having wrinkled 
kernels when mature. Fairly well filled ears were obtained, but the char- 
acter of the ear and kernel was unchanged. The only variation noticeable 
was a somewhat broader kernel, but such variation might occur without the 
effect of crossing. 

ad’. Reid’s Yellow Dent was pollenized with pollen from a speckled 
variety. None of the kernels was speckled. A. few had whitish crowns. 
Otherwise no change. 


[10—21363 ] 
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It should be said in this connection that the tassels from which the 
pollen was obtained were plucked in the afternoon and mailed in an en- 
velope from Galveston, Ind., in the evening and used the next morning at 
Lafayette, Ind. The fertilization was not so complete as in other cases 
of hand pollination. 

ad. The silks of Boone County White were pollenized with pollen 
from Reid's Yellow Dent. Well filled ears were obtained. The kernels 
had uniformly yellowish bodies and white crowns. The kernels were 
shorter than the usual Boone County White kernel, but this may have 
been due to the extreme dry weather of the season. In all other ways the 
character of the ear was unchanged. 

The work under ‘e” was divided into three parts. 

e'. Two five ear lots were pollenized with pollen 24 hours old. To 
obtain this pollen tassels were plucked in the afternoon and laid on paper 
inaroom. The next morning the pollen was jarred out of the ripe anthers. 
The following morning this pollen was used to pollenize the selected ears. 
With pollen 24 hours old very well filled ears were obtained. 

e*. Two five ear lots were pollenized with pollen 48 hours old, ob- 
tained as in “el.” The ears obtained from this pollination were not so 
well filled, there being many vacant places, showing a failure to fertilize. 

e*. Two five ear lots were pollenized with pollen 72 hours old, ob- 


: 


tained as in ‘“e'.” In this case practically no fertilization took place. The 
best ears had not more than 8 or 10 kernels on the cob, and the others 
only 3 or 4 kernels. 

No conclusions are offered concerning these experiments. It is pro- 
posed to repeat the experiments in 1909, also to plant the corn obtained in 


d', d*, d*, and d*, and note results. 
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Tar Krutrnc or Mustarp anp OTHER Noxtous WEEDS IN THE 
Grain Fietps or SoutH Dakota. 


By IE. W. OLIveE. 


To the best of the writer’s remembrance, mustard, though abundant 
enough, was not considered some years back as a serious pest in Indiana 
grain fields. But throughout the great grain fields of the Northwest the 
situation is different. The traveler sees on every hand, during the month 
of June, field after field of grain absolutely yellow with the blossoms of the 
common wild mustard. The fields sown to cereals are often enormous in 
extent; it is not an uncommon sight to see a quarter-section or even a 
section sown to one crop of wheat, barley, oats or flax. Only small areas 
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here and there bear what we call “cultivated crops.” Cultivation cannot 
therefore hold in check troublesome weeds as is done in the smaller farms 
of the older States. Hence the great abundance of the yellow pest through 
the older parts of the Dakotas is actually startling to a stranger from In- 
diana or Illinois. 

One large land-owner in an effort to rid his ranch of mustard, two 
years ago spent a hundred dollars in pulling the weed. A year ago he 
doubled his expenditures in this work; but had-.to acknowledge finally 
that it seemed as though no matter how careful and clean his methods of 
farming, for years to come he might have to continually increase his ap- 
propriation in geometrical ratio before he could ultimately hope to conquer 
the pest. 

It may be of some interest to the members of the Academy to hear : 
brief account of some of the experiments conducted by the writer during 
the past summer in trying to eradicate mustard and other weeds in grain 
fields. Similar experiments had already been performed in North Da- 
kota, Canada, Minnesota, Wisconsin, and other western States, so that 
the results obtained in South Dakota are in the main corroboratory. 

The method, in brief, is this: The grain field is carefully gone over 
with a traction spraying machine, and sprayed thoroughly with a strong 
solution (about 20 per cent.) of iron sulphate (or copperas). The ma- 
chine used in our experiments covered a swath about twenty-five feet wide 
and threw a very fine and powerful spray, under a pressure of from 80 


136 


to 100 pounds, directly down on to the young mustard and grain. Twenty- 
five acres were easily covered in five hours, so that under favorable con- 
ditions, 40 to 50 acres could be readily sprayed in one day. The spraying 
is best done when the grain and weeds are from 6 to 10 inches high, or 
just before the mustard plants begin to bloom. 

Further, it is highly important that the spraying be done during favor- 
able weather. The great importance of this will be seen when we come to 
consider the physiological side of the problem. The best time for the most 
successful work is just after the dew is off, on a bright, sunshiny day. <A 
little Dakota wind aiso helps the process; but if a rain soon follows, the 
iron salt is washed off and the work comes to naught. 

Now if we keep close watch of the plants sprayed we can readily fol- 
low the various steps of the destructive action of the salt. First, the 
sulphate dries on the leaves, leaving minute, whitish flakes on the surface. 
Next, we note after two or three hours, particularly in the case of such 
succulent plants as mustard, the appearance of many scattered, more or 
less translucent, sunken areas on the leaves. The leaves by this time ap- 
pear to be somewhat wilted and the whole plant looks somewhat sick. 
Two or three hours later, close examination reveals the next step of the 
process, in the gradual blackening of the sunken areas. The microscope 
shows this to be due to the blackening of the cell contents of the shrunken 
cells. Further wilting and drying up of the leaves is soon followed, in 24 
hours or so, by their complete death. In a few days to a week, most of 
the mustard leaves have fallen off, or remain as dry, withered remnants 
on the dead stems. Occasionally a leaf may make a weak revival; or a 
plant here and there may make a futile effort at flowering and seed pro- 
duction. But if the work is thoroughly done, but few weeds survive. I 
have seen mustard so thick as to approximate 100 plants to the square 
foot, all totally destroyed by effective spraying. 

After following the above description of the various steps in the ap- 
pearance of a sprayed leaf the interpretation of the physiological action 
of the sulphate seems clear. First, the salt drying in minute flakes on 
the surface of the leaf, undoubtedly acts as a strong plasmolyzing agent 
to draw the water out of the cells with which it is in immediate contact. 
Thus results the seattered, translucent, sunken areas, merely from plas- 
molysis of those regions by the overlying salt. This plasmolysis is par- 
ticularly striking in the case of the ragweed, which responds to the action 


of the sulphate even more quickly than does mustard or other weeds in- 


137 


vestigated. A sprayed solution of common salt apparently acts likewise, 
first as a strongly plasmolyzing agent, but its action is even quicker than 
that of the sulphate, plasmolysis resulting even in from 10 to 15 minutes 
after the application of the spray. Wilting of the entire leaf soon follows, 
due to general withdrawal of water, to be succeeded in a few hours by 
the blackening of the protoplasm of the plasmolyzed cells. This blacken- 
ing is quite probably due to the formation of sulphides by the union of 
the absorbed iron sulphate with the protoplasm. After the use of common 
salt, on the other hand, the plasmolyzed spots turn reddish brown; possi- 
bly chlorides of some sort, formed in the killed protoplasm, may be re- 
sponsible for the color in this instance. 

It seems clear, then, that the action of the salts in killing the weeds 
in these experiments is due primarily to their osmotic properties rather 
than to their toxic properties; although it may well be that chemical action 
also may enter in after the first steps in the process and may contribute 
toward the death of the plants. 

One of the most interesting sides of the whole problem of spraying 
for weed destruction is the fact that while mustard, ragweed and most 
other common weeds are for the most part totally destroyed, the wheat, 
oats, flax, ete., are themselves but little injured. This sounds almost un- 
believable—much like a patent medicine advertisement, in fact. But it 
is nevertheless true that the grain soon recovers from the effects of the 
treatment; and further, Prof. Bolley’s statement seems true, that the 
sprayed field often yields as much as one-third more grain than the un- 
sprayed. 

A little examination of the sprayed field soon shows to what the 
grasses and grains owe their peculiar protection from serious injury. It 
is true that the tips of the young wheat leaves are blackened and killed; 
but it will be remembered that, when the plants are only six inches to a 
foot in height, the bases of most of the leaves are amply protected, en- 
wrapped within the sheaths and lower leaves. Their freedom from injury 
arises, therefore, in the main from the method of indeterminate growth 
of grains and grasses. The waxy bloom which covers flax and many of 
the grains must also contribute considerable protection against injury. 
since the minute droplets of salt solution do not adhere readily to such a 
surface. 
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Tue Mever Monecutar WEIGHT CALCULATION. 


By Percy N. Evans. 


In the Victor Meyer method of determining molecular weights of 
raporizable substances, as usually carried out, the material is converted 
into vapor at the bottom of the inner tube, the iatter being kept at a con- 
stant temperature at least twenty degrees above the boiling point of the 
substance by keeping a suitable liquid in the outer jacket steadily boiling. 
When the vaporizing occurs, a quantity of air equal to the increase in vol- 
ume is forced out from the upper part of the inner tube, through the lateral 
capillary, and collected over water in a eudiometer. It is assumed that 
this increase in total volume is the volume of the vapor; it would be more 
correct.to deduct from this volume that of the original liquid, but failure 
to do so introduces an error of usually only one part in two hundred or 
more, and this may be considered negligible in view of unavoidable ex- 
perimental inaccuracies. 

In passing from the heated tube to the eudiometer the temperature 
of the air changes to that of the room, with a corresponding volume 
change; it is assumed that the vapor would undergo the same change in 
volume if reduced to the same temperature without condensation, since 
all gases and vapors show a nearly identical behavior with changes in 
temperature. 

After passing into the eudiometer the air is saturated with water 
vapor. If the air in the inner tube at the beginning of the experiment 
is already saturated with moisture at room temperature no change in 
the degree of moistness results, and hence no change in volume due to 
this cause. It would therefore be incorrect in calculating the volume of 
air under standard conditions to deduct from the observed barometer read- 
ing the tension of aqueous vapor. 

If, on the other hand, the air in the apparatus had been perfectly 
dry its volume is increased by its becoming saturated with moisture, and- 
this should be allowed for by deducting the tension of aqueous vapor from 
the barometer reading. 


If, lastly, the air in the apparatus at the beginning of the experiment 
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is neither saturated at room temperature nor perfectly dry, the change 
in the degree of moisthness of the air on becoming saturated is what the 
air originally lacked of being saturated. Jhe appropriate correction to 
introduce is that fraction of the tension of aqueous vapor for the room 
temperature which it lacked of saturation. Suppose the apparatus was 
originally filled with the air of the room, and that it was forty per cent. 
saturated at room temperature, sixty one-hundredths of the tension of 
aqueous vapor is the number to be subtracted from the observed barometer 
100 — H 
100 


barometer reading, H is the hygrometer reading in per cent., and w is 


reading; the corrected reading is B — w, in which B is the 


the tension of aqueous vapor for the room temperature. 

Nearly all works accessible to the author give such directions for the 
manipulation as involve the use of the air of the room in the inner tube, 
yet give for the calculation the correction B-w. The error introduced in 
this way would be greatest if the air were saturated with moisture, and 
would then amount at a room temperature of 20 deg. C. to 17 in approxi- 
mately 760, or 1 in about 45, and this condition is closely approached in 
damp, warm weather. Omitting the correction altogether when the air 
used is nearly dry gives an equal error in the opposite direction, approxi- 
mated in very cold weather. 

A quite appreciable error, then, may be avoided and the calculation 
made more nearly correct theoretically by using the correction given above. 

Of the works accessible to the author only H. Erdmann’s Anorganische 
Chemie discusses the correction, directing that if the apparatus is filled 
with a dried gas the tension of aqueous vapor should be deducted; if with 
ordinary air, no correction should be made. <All other works fail to con- 
sider the point, some deducting the tension, others not, without specifying 


the conditions. 
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Revation or Fats to Moisture ContTENT oF BUTTER. 


By O. KF. HUNZIKER. 


IMPORTANCE OF MOISTURE CONTENT OF BUTTER. 


The two principal constituents of butter are the fats and the water. 
The average sample of butter contains about 83.5 per cent fats and 15.5 
per cent water; the remainder being made up of salt, curd, ash, sugar 
and acid. 

The more water butter contains the lower is its per cent of fats, and 
the more butter can, therefore, be made from a given amount of fats. 
It did not take the alert butter maker, the creamery operator, the com- 
mercial man very long to appreciate the financial significance of this fact. 
In many instances the process of butter making was so modified as to 
increase the per cent of moisture to the extent where as high as 130 to 
150 pounds of butter were made from 100 pounds of fats, while under 
normal conditions 100 pounds of fats yield between 116 to 122 pounds of 
butter. The result was that, up to a few years ago, the American mar- 
kets were flooded with water-soaked butter. 

Butter containing an excess of moisture is inferior in quality; its 
keeping quality is poor and its food value is low. So, in order to save the 
butter industry of the country from certain ruin and to protect the con- 
sumer from buying his drinking water in the form of water-soaked butter, 
a law was passed by act of Congress in 1902 and revised in 1904, classify- 
ing as adulterated butter all butter containing 16 per cent or more of 
water and placing a fine of 10 cents per pound of butter and a special tax 
of $50 per month on the manufacturer of adulterated butter. 

When this law was put in force by the Internal Revenue Department 
it was found that, in certain localities and at certain seasons of the year 
butter makers experienced difficulties in keeping the moisture content 
below the legal maximum of 16 per cent, and the question naturally arose 
as to the practicability and justice of this standard and as to the ad- 


visability of modifying it. 
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WHXPERIMENTS CONCERNING THE FACTORS INFLUENCING THIs 
MOISTURE CONTENT OF BUTTER. 

Accurate data concerning the moisture content of butter were meager, 
and it seemed obvious that this question could be satisfactorily settled 
only by means of careful experiments. So, about two years ago, the Dairy 
Department at Purdue University started investigations concerning the 
variations of the moisture content cf butter and the causes of these 
variations. 

Analyses of butter of the Purdue Creamery and of about 30 creameries 
in the State showed that in spring and early summer there was a rapid 
and decided increase in the per cent of water in butter. Analyses of the 
composition of the butter fats in the same butter showed a decided in- 
crease in the per cent of volatile and soft fats (fats of a low melting 
point) and a corresponding decrease in the per cent of hard fats in spring 
and early summer. 

These results suggested the possibility that the composition of the 
fats may, in a measure, control the per cent of moisture incorporated in 
butter. On the strength of this assumption the pure butter fat was ex- 
tracted from various lots of butter, and by means of fractional crystalliza- 
tion at different temperatures the soft and the hard fats were separated 
from one another as completely as was possible with this method. The 
two classes of fats were then churned separately and under identical con- 
ditions as to the moisture present and temperature. The analyses of these 
churnings showed that the butter made from the soft fats contained about 
50 per cent more water than the butter made from the hard fats. 

The uniformity of the results of repeated experiments justified the 
conclusion that, other conditions being equal, the relation of soft to hard 


fats controlled the moisture content of butter. 


EXPERIMENTS CONCERNING THE CAUSES OF VARIATIONS IN 

THE PER CENT OF VOLATILE, SOFT AND HARD FATS. 

The results just described naturally lead to the question, What are 
the causes underlying the variation in the proportion of soft and hard 
fats? 

It is an established fact that certain feeds, when fed in excess, have 
a tendency to produce an excess of soft or hard fats in butter. Thus. 


“ 


for instance, cotton-seed meal, bran, corn, overripe fodders, ete., tend to 
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increase the per cent of hard fats, while linseed meal, gluten feeds, succu- 
lent pasture grasses, etc., are conducive to raising the per cent of soft fats. 
It is by no means established, however, that the feed is the only nor even 
the chief factor controlling the proportion of fats in milk. Thus at the 
time when the soft fats increase in milk and butter produced in this sec- 
tion of the country most of the cows are fresh, and it is quite possible 
that the period of lactation exerts an important influence on the fats. 
It was, therefore, deemed expedient to investigate in how far the period 
of lactation does affect the fats in milk. 

Three cows of the university herd were selected and fed during their 
respective periods of lactation on an uniform ration, evading such feeds 
as would tend to materially influence the hard or soft fats. The milk 
from each cow was separated, the cream ripened and churned separately, 
and the butter analyzed for volatile, soft and hard fats. 

The generally accepted classification of milk fats is as follows: 


: a. volatile or soluble fatty acids. 
Glycerides of {t insoluble fatty acids. 


The glycerides of the insoluble fatty acids are subdivided into hard 
and soft fats. The dairy literature, in dealing with the soft fats and 
their relation to the melting point of butter, gives consideration to the 
glycerides of the insoluble fatty acids alone. Inasmuch as the glycerides 
of the volatile or soluble fatty acids have a very low melting point as 
compared with that of insoluble fats, a comparatively slight change in 
the per cent of the volatile fatty acids must greatly influence the hardness 
or softness, as well as the melting point of butter. In determining the 
variations of the soft fats in butter it is necessary. therefore, to take into 
consideration the soluble as well as the insoluble fats. 

The féllowing charts show the results of analyses of butter made 
from the milk of the three cows under experiment: 
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Taste 1.—Cows 1 anp 2. 


SHOWING THE EFFFC(T OF THE PERIOD OF LACTATION ON THE MILK FATS. 


TIME. 
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SHOWING EFFECT OF THE PERIOD OF LACTATION ON THE MILK FATS. 


Reichert- 
Meissl 
Number. 


Soluble 
Acids. 


7.39 
7.07 
7.08 
(eau 
7.00 
6.82 
6.45 
5.84 
6.01 
6.26 


Tasie II.—Cow 3. 


TIME. 
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Reichert- 
Meiss! 
Number. 


Soluble 
Acids. 


Insoluble 
Acids. 


Insoluble 
Acids. 


! 
| 
| 
} 
i] 


lodine 
Number. 


29.96 
30.05 
29.98 
20.16 
31.88 
34.54 
36.15 
38.20 
36.4 

34.21 


Iodine 
Number. 


Melting 
Point. 


36.2 
36.1 
36.4 
36.3 
35.9 
34.4 
35.0 
25.4 
35.5 
34.2 


Melting 
Point. 


36.68 
35.75 
33.19 
33.80 
33.63 
33.57 
32.72 
31.63 
31.98 
32.93 
26 .64 
30.48 


8.20 
5.09 | 
7.59 | 
7.56 
7.47 
7.55 
7.49 
1.20 
7.10 
7.12 
6.50 
6.86 


86.76 
86.74 
86.99 | 
86.95 | 
87.10 | 
86.94 
86.99 
87.41 


34.20 
34.25 
23.36 
33.83 
32.73 
31.02 
33.32 
33.59 
34.05 
33.22 
35.8 

32.05 


34.1 
34.2 
34.3 
34.0 
33.5 
33.7 
34.0 
33.92 
33.9 
33.8 
34.5 
34.3 


These charts bring out the following facts: 

1. The Reichert-Meiss] number and the per cent of soluble fatty acids 
were highest at the beginning of the period of lactation; slight irregu- . 
larities excepted, they decreased as the period of lactation advanced and 
were lowest towards the close of the period of lactation. 


2. The insoluble fatty acids were lowest at the beginning, gradually 
increasing during and were highest at the end of the period of lactation. 

3. The fact that the Reichert-Meiss] Number, the soluble and the 
insoluble fatty acids bear a definite relation to one another shows clearly 
that the per cent of soluble and insoluble acids is affected by the period 
of lactation, and that the soluble acids decrease while the insoluble acids 
increase as the period of lactation advances. 

4. The results concerning the iodine number are irregular, and, con- 
sidering the relatively small number of data, do not warrant the drawing 
of definite conclusions as to the effect of the period of lactation on the 
per cent of olein in butter. 


5. The relation of the per cent of soluble fats and olein to the melt- 
ing point emphasizes that the olein is not the only factor controlling the 
melting point or softness of butter, but that the volatile or soluble fats 
play a part in the determination of the softness of butter. 
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Tae Use oF THE PoLARISCOPE IN Trestrinc HicH TENSION 
INSULATORS. 


By C. FRANCIS HARDING. 


It has long been known that glass internally strained, when placed 
in a polariscope in the path of polarized light produces upon the screen 
a chromatic eftect, and that the colors thus produced rotate across the 
field as the analyzer of the polariscope is rotated. If, however, this 
peculiarity of glass has ever been put to practical use along engineering 
lines, such usage has not been common and its results have not been made 
accessible. 

Without going deeply into the theory of the action of polarized light 
upon crystalline bodies or the similar phenomenon produced by the action 
of polarized light upon the imaginary planes into which the molecules are 
forced to arrange themselves within glass subjected to internal stresses, 
the writer has found the above mentioned color rotation in glass which 
is internally strained of the utmost value in testing glass insulators. Any 
ordinary piece of glass which shows no color rotation in the polariscope, 
when compressed in a vise or Clamp and subjected again to the polarized 
light test exhibits streaks of purple and brown radiating from the points 
where the pressure is applied. The greater the pressure the brighter and 
more far-reaching the color effects seem to be, and when the analyzer is 
turned each color field seems to rotate about the point of application of the 
compressing force as a center. Similarly if a piece of ordinary glass 
showing no such effect be heated to a molten state and allowed to cool 
suddenly, the internal stresses due to irregular and unequal cooling will 
produce similar color rotation upon the screen. 

With these facts at hand, several high tension glass insulators of 
different makes designed for a 33,000 yolt transmission line were sub- 
jected to the polarized light test. These of the No. 1 type, manufactured 
by one company, showed no color rotation in any portion, while those of 
type No. 2, designed and manufactured by another company for the same 
service, showed very marked effects. Some of the latter showed results 


more marked than others. In some the principal peculiarity noticeable 
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was the lack of uniform darkening and lighting of the entire field projected 
upon the screen as the analyzer was turned; while in others, especially 
in those that were whole, bright streaks of violet, purple and brown were 
seen, and found to rotate as the analyzer was rotated. In some cases 
these colored streaks were radial, and in still others they formed con- 
centric rings about the knob of the insulator as a center. In order 
to prove more conélusively that these phenomena were caused by internal 
stresses, which were in turn produced by poor annealing, a portion of in- 
sulator No. 1, which showed no initial color rotation, was poorly annealed, 
and when tested again in the polariscope the color rotation effect was 
found to have been introduced. Conversely when a portion of insulator 
No. 2 was properly annealed the color rotation initially present was found 
to have disappeared. 

The insulators which were first tested were those which had actually 
broken while in service upon the line, the parts of which were found on 
the ground near the poles where they were formerly installed. When 
later whole insulators of the same lot were tested it was found that in 
the latter the stresses were much more marked than in the broken parts. 
This fact caused the writer to suspect that some of the internal stresses 
produced by poor annealing were relieved by the breaking of the insulator, 
and to test this belief a whole insulator showing very marked color rota- 
tion was broken and the various parts placed in the polariscope for in- 
spection. It was found that in spite of the fact that the same portion of 
the insulator which showed the most marked stresses was used when 
broken out, practicaliy all the color rotation had been eliminated, although 
the stresses were still present to a less degree in the remainder of ,the 
insulator. In turn each quidrant of the umbrella of the insulator was 
broken out, and in each case the stresses were found to have been either 
reduced to a minimum or entirely eliminated. A further proof of the poor 
annealing was found in the fact that in insulators where the greatest 
stresses were present the umbrella shivered to bits when broken; while 
from insulators showing lesser stresses a whole quadrant could be broken 
out in a single piece. 

Although it is very probable that insulators which are improperly 
annealed fail in service because of sudden temperature changes due to the 
weather and leakage of current over their surface, it seemed advisable to 
show, if possible, what effect, if any, the internal stresses had upon the 


mechanical strength of the insulator in order to determine whether the 
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possible unequal strain from the line wire could be considered a cause 
for breakage. Only four whole insulators were available for this test, 
two of which had marked internal stresses, while in the other two the 
stresses were almost negligible. The insulators were broken by placing 
them upon an iron pin as in service and by exerting a strain upon them 
in the direction of the line wire. One insulator which was poorly an- 
nealed broke at 960 pounds, while the others failed at 1,890, 1,675 and 
2,220 pounds respectively, the latter being one which was also poorly an- 
nealed. While this test did not show very conclusively that the poorly 
annealed insulators were weak mechanically, it is believed that if the 
pull in the latter case, could have been in such a direction as to cause the 
insulator to break alon& strained internal planes as was probably the case 
in the first test, the latter insulator as well would have been found to 
have been weak mechanically. For conclusive evidence of this fact, how- 
ever, a much larger number of tests should be available. 

It will be seen from the foregoing, therefore, that a very practical 
use has been made of the phenomenon which has so long been only an in- 
teresting physical experiment. With the aid of the polariscope it is not 
only possible to determine some of the causes for the unsatisfactory service 
given by certain glass insulators, but it is also possible to make preliminary 
acceptance tests upon new insulators and to eliminate all of those which 
show signs of improper annealing and which for this reason would be un- 
desirable for installation where they must be subjected, not only to severe 
electrical and mechanical strains, but also to vibration and sudden tem- 
perature changes. Although porcelain is rapidly supplanting glass for 
high tension insulators, it is expected that this method of test will be used 
in the future to advantage and that it will prove of equal, if not greater 
value, than it has in this particular instaice. 
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Some ContTRIBUTIONS TO THE CHEMISTRY OF Mucor. 
By CLARENCE Hi. May. 


In Physiological Chemistry, one meets with a proteid that has been 
receiving more or less attention for several years past. This proteid is 
classed among the glyco-albumins and occurs especially in ligaments and 
tendons. Heretofore, the main problem connected with the chemistry of 
this substance or group of very closely related substances, as the case may 
be, has been the quantitative separation of the mucoid from mixtures of 
albumin such as blood and egg albumin, and mucoid. The usual method 
of separation has been to boil the neutral solution of true albumin and 
mucoid, thereby coagulating the blood or egg albumin and leaving the mu- 
coid in the filtrate. By acidifying the filtrate, it yielded the mucoid as a 
flocculent precipitate which could be fil@red and then weighed. 

The purpose of this work was to ascertain first, whether mucoid was 
completely precipitated by the addition of a slight excess of dilute acid 
to the mucoid solution (the solvent being half-saturated lime water). 
Secondly, we wished to find out whether albumins were precipitated from 
a mixture of albumin and mucoid, by acidifying the mixture in the cold. 
Thirdly, we wished to ascertain whether mucoid coagulated by being boiled 
in a neutral solution in the presence of neutral salts. And lastly, we wished 
to see whether the various precipitations of the mucoid sample showed any 
differences in nitrogen content; in other words we desired to examine the 
homogeneity of the various acid. precipitates. 

The mucoid used was from several beef tendons (Achilles), and was 
prepared by removing all water-soluble proteids by careful washing of the 
tendons in tap water. The tendons were then cut into thin slices trans- 
versly and again thoroughly washed with cold water. The next treatment 
was to allow the slices of tendon to extract with half-saturated lime water 
for a day. This extract was filtered and made slightly acid with .2 per 
cent. hydrochloric acid, using litmus paper as indicator. The solution, 
with a casein-like precipitate was allowed to stand a short time when the 
precipitate flocked together and settled to the bottem of the container, leay- 


ing a perfectly clear supernatant liquid. 
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The filtered residue was dissolved in half-saturated lime water, fil- 
tered through silk and again precipitated with an excess of .2 per cent. 
HCl. This precipitation and solution alternation was continued until the 
eighth precipitation, when this precipitate was filtered by decantation 
and the residue was thoroughly dried by standing with absolute alcohol. 
The powdery white precipitate was carefully filtered and pulverized, then 
further dried at 100-105° C. for several hours. The bottled sample so ob- 
tained was used in this set of experiments. 

In the study of the complete precipitability of tendon-mucoid by means 
of dilute HCl, a definite amount (2 grams) of the dried sample was 
weighed and dissolved in a mortar with the least quantity of half-satu- 
rated lime water necessary, about 300cc. The solution was then filtered 
through silk and by means of a pipette, equal portions of the filtrate were 
removed to respective beakers and were precipitated by varying amounts 
of acid. This phase of the acid precipitation was subdivided into a study 
of the effect of dilution of the mucoid and the effect of the use of varying 
amounts of acid. In each case duplicate checks were carried along on the 
amount of actual mucoid present ayd precipitable under the most favorable 
conditions. In every instance the mucoid precipitated by the acid was 
filtered on weighed papers, dried at 105° C. for several hours and weighed 
on the paper. The paper and mucoid were then ashed and the ash deducted 
from the original weight on the paper. ‘The acid filtrates, usually about 
250ce. in voiume, were poured into about five liters of strong alcohol, al- 
lowed to stand 24-36 hours and filtered on weighed papers. The precipi- 
tates were washed with strong alcohol, dried and weighed; the precipitates 
and papers were burned respectively, and the ash, ranging from a few 
tenths of a milligram to a hundred milligrams, was deducted in order to 
get a value for ash-free mucoid material. 

As results of an extended investigation of the deportment of mucoid 
in a half-saturated lime water solution, with .2 per cent. HCl, it was found 
that not all the mucoid was precipitated under the best conditions. There 
was always 10 to 20 per cent. of the mucoid precipitated by the strong 
alcohol treatment and part, perhaps 8 to 10 per cent. of the original mucoid, 
was not precipitated by the acid nor alcohol treatment. It was found that 
the more concentrated the solution of mucoid, the more complete was the 
precipitation. The weaker the final acidity of the solution was with .2 
per cent. HCl, the less complete the precipitation. The best results were 


obtained with a half-saturated lime water solution saturated with the 
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mucoid sample (about a 2 per cent. solution), the mixture diluted slightly 
and made acid enough to turn fresh litmus paper red immediately. This 
treatment yielded a solution that filtered readily (an item of vast import- 
ance with mucoid and other gelatinous solutions), that washed rapidly 
and gave a filtrate yielding the minimum quantity of mucoid with strong 
alcohol treatment. With the use of acetic acid instead of HCl, much 
more acid was required to precipitate any mucoid at all, and with an 
excess of acetic acid the results were very unsatisfactory, much more than 
with even a little dilute HCl. 

In testing the action of dilute acid on a mixture of albumin and mu- 
coid, the details were as follows: A standard solution of mucoid was 
made and equal amounts of the alkaline solution were placed in each of 
several beakers. The actual amount of mucoid added to each beaker was 
determined by duplicate checks. To the various beakers containing equal 
amounts of mucoid diluted to the same volume, varying amounts of meat 
extract were added. The meat extract was made in the laboratory by ex- 
tracting fresh meat with cold water and filtering the proteid-bearing solu- 
tion through silk. Duplicates were run on the meat extract and also on 
each of the mixtures of meat extract and mucoid. For preciptation, the 
same acidity was maintained in each beaker using .2 per cent. HCl as the 
reagent. 

By way of results, although the meat extract alone yielded no pre- 
cipitate in the cold, it was found that when mixed with mucoid, practically 
all the mucoid and some of the albumin separated. With increased non- 
mucoid proteid content, the weight of material precipitated by .2 per cent. 
HCl likewise increased. In fact, all the precipitates from the meat ex- 
tract-mucoid mixture weighed more than the amount of mucoid which the 
solution was known to contain. All the precipitations were made in dupli- 
cate and found to check closely with each other, and each set of duplicates 
in the series varied approximately the same. By knowing the position of 
the set of duplicates in the series, one could closely approximate the ac- 
tual weight before weighing. The experiments showed that the precipi- 
tation of mucoid in the presence of albumins was inaccurate for the de- 
termination of mucoid. 

With the coagulation test for mucoid, the general opinion is that mu- 
coid does not coagulate on boiling a neutral solution in the presence of 
salts. To test this, a solution of mucoid was prepared by rubbing up 
about 10 grams mucoid in a mortar with about a liter of half-saturated 
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lime water. When complete solution was attained, the alkaline solution 
was carefully neutralized with .2 per cent. HCl. The neutral point was 
determined by litmus paper that was fresh and quite sensitive. No mu- 
coid precipitated in the neutral solution, but it was strained through silk 
for the sake of uniformity of conditions. Duplicate samples were taken to 
determine the mucoid content before heating. The major portion of the 
solution was gently boiled under a water condenser. Every half hour, 
about 100 cc. of the solution was removed, allowed to cool rapidly without 
any loss of water vapor, filtered and duplicate aliquot portions of the fil- 
trate were used for acid precipitation of the mucoid content. 

By way of results, it was noticed that continued boiling had a fatal 
effect on the mucoid. At first the solution became turbid. At the end of 
the first half hour’s heating, there was a nice coagulum in the solution. 
This increased gradually until about the fourth hour, when there was a 
heavy coagulum throughout the solution. During the process of continued 
heating, the solution remained neutral without the addition of any alkali 
or acid. The longer the heating continued, the more rapidly the solution 
filtered. The first few filtrates were very slightly turbid, but the tur- 
bidity gradually decreased to water-clearness in the last few filtrates. 

With regard to the filtrates, on treatment with dilute acid it was 
found that with the initial precipitations, less mucoid was recoverable 
than was obtained from the unboiled mucoid solution. The amount of 
mucoid precipitated gradually decreased as the experiment advanced and 
finally filtrates were obtained from which no mucoid could be precipitated 
with an excess of dilute acid. This was coincident with the heavy coagu- 
lum in the major portion of the solution. This experiment seemed to show 
conclusively that mucoid did coagulate on heating in the presence of neutral 
salts. It was deemed useless to try to separate a coagulable albumin from 
mucoid by this method. 

The work done in this research was carried out, using a mucoid sample 
that had been purified by solution in alkali and precipitation by acid, this 
alternation for eight times. To test whether the eighth precipitate might 
be different from the sixth or tenth precipitate, or any other precipitate in 
the series, about 20 grams dry mucoid that had been precipitated probably 
twice, were dissolved in several liters of half-saturated lime water, strained 
through silk and precipitated with a slight excess of .2 per cent. HCl. This 
was filtered, dissolved and precipitated, the whole process being repeated 
fifteen times. Samples of the fifth, tenth and fifteenth precipitate were re- 


155 


moved, partly dried hy standing in absolute alcohol, filtered and dried in 
an oven at 105° C. Duplicate Kjeldahl nitrogen determinations were made 
on each of the respective precipitates. Each of the six duplicates were 
found to check quite closely, thus indicating that there was nothing gained 
by the continued solution and precipitation of the mucoid. Incidentally 
it might be mentioned that there was mucoid lost at each precipitation by 
incomplete precipitation. This was evident from the fact that by most 
eareful work, starting with 20 grams mucoid, it was only possible to wind 
up with about 13 grams actual dry mucoid. 

In conclusion, it may be stated that tendon mucoid coagulates, the 
amount increasing with the duration of boiling, in the presence of neutral 
salts; that mucoid is not completely precipitated by an excess of dilute 
acid; that in a mixture of albumin and mucoid, most of the mucoid and 
part of the albumin are precipitated by dilute hydrochloric acid in excess. 

As for a remdy, nothing is offered as yet, but this work seems to show 
that the older methods are inaccurate. 

This work was carried on largely during the last year in the labora- 
tories of the College of Physicians and Surgeons, Columbia University, 
New York, where the author was associated with Dr. William J. Gies, and 
under whose supervision the details were worked out. Owing to the non- 
possession of the actual notes at present, many valuable data must be left 
out of this paper, but every statement made can be further demonstrated 
by experimental data. 
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THe Estimation or Leap By THE TrrratTioNn or LEAD CHRO- 
MATE. 


By W. C. Brooks. 


The first experiments were made to test the accuracy of the method. 
Weighed amounts of pure lead nitrate were dissolved in water and the lead 
was precipitated by potassium dichromate in slight excess. The lead chro- 
mate was filtered, was washed and was dissolved in hydrochloric acid. 
The resulting chromic acid was determined by adding potassium iodide 
and then by titrating the free iodine with sodium thiosulphate. The re- 


sults of several titratious are given below: 


Pb(NO,), 0.2 Na,S,O, Lead Found. 
Used. Grams. Used. cc. Per cent. Error. 
0.1 18.15 62.56 +0.05 
0.1 18.15 62.56 +0.05 
0.2 36.35 52.60 +0.09 
0.2 36.3 62.55 +0.04 


A method for the estimation of lead in ores was worked out from 
these results. Weigh out 0.2 gms. of the ore, dissolve in 10 to 15 ce. of 
nitric acid and evaporate almost to dryness. Add 50 cc. of water and 5 
gms. of ammonium acetate and heat to boiling. Precipitate the lead from 
the boiling solution with a slight excess of potassium dichromate. Filter, 
wash and dissolve the precipitate with 20 cc. of 1:1 hydrochloric acid, the 
solution being received into the original beaker. Dilute the solution and 
washings to 150 cc., add 0.8 to 0.5 gms. of potassium iodide and titrate the 
iodine that is liberated with sodium thiosulphate. 

The only element that has been found to interfere with this method is 
barium, which gives high results. Experiments are being carried on to 
obtain a simple means of removing this metal. Although the work upon 
this method is not complete, it promises to become an accurate and a rapid 
means for the estimation of lead in the presence of all of the common 
elements. 
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An Evouution MErHop FOR THE DETERMINATION OF SULFUR 
IN SULFIDES AND SULFATES. 


By FRANK C. MATHERS. 


The object of this research was to devise a rapid method for the 
estimation of sulfur in sulfates and sulfides, especially in the presence of 
such elements as molybdenum, which interfere with the precipitation of 
barium sulfate. The idea was to heat the material with some metal which 
would reduce all of the oxidized sulfur and then combine with it to form 
a sulfide. The rest of the method would coincide with the ordinary volu- 
metric evolution method for sulfur in iron and steel. 

Powdered potassium sulfate, containing 18.39 per cent. of sulfur, was 
used in these experiments. In each experiment, 0.2 gm. of the potassium 
sulfate was thoroughly mixed with the reducing metal and was placed in 
a crucible which was heated. Experiments with zinc dust as a reducing 
agent showed that it was impossible to reduce all of the sulfate at low tem- 
peratures and that at higher temperatures some sulfur was lost by volatili- 
zation along with the zine. 


Gms. of Zn Percent. of S Percent. of S in 
Used. Temperature. Evolved. the Residue. 
3.0 Bunsen burner, 5 minutes. 17.05 0.64 
3.0 Blast, 5 minutes. 17.20 0.11 


The use of a mixture of zinc and aluminum gave still poorer results. 
The addition of bases such as calcium oxide, calcium carbonate, sodium 
carbonate, or magnesium oxide were without beneficial effects. The use 
of some charcoal did not help. j 

Magnesium turnings gave the best results. To protect the porcelain 
crucibles, they were partly filled with 1.5 gms. of magnesium oxide and a 
cavity was made in this with the end of a test tube. The charge was placed 
in this cavity and was covered with 0.5 gm. of magnesium oxide. The por- 
celain crucibles, with well fitting lids, were heated for 5 minutes with a 
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Bunsen flame. A number of good results were obtained. Small amounts of 
sulfur remain in the residue in the evolution flask. The amount is appar- 
ently not constant and varies from 0.3 to 0.5 per cent. 

These preliminary experiments have so far been just successful enough 


to encourage hope and call forth more work. 
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Tur Destruction oF PLATINUM CRUCIBLES THROUGH THE 
IqenitTIon oF Macanestum AMMONIUM PHOSPHATE. 


By Rosert HE. Lyons. 


Platinum is not oxidized in the air at any temperature, nor attacked 
by any single acid, yet there are many substances that attack and combine 
with it at comparatively low temperatures. 

It sometimes happens that a platinum crucible is cracked or is fused 
through during the burning of the filter paper containing magnesium am- 
monium phosphate, or during the final ignition required to convert mag- 
nesium ammonium phosphate into magnesium pyrophosphate. This has 
again and again been a source of annoyance and expense to the phosphate 
analyst. The break down of the crucible is not due to invisible mechanical 
defects in the crucible, nor to the quality of the platinum or platinum al- 
loy used in its construction. The cause of these occasional accidents is to 
be found in the reduction of the phosphate through incorrect procedure in 
burning or igniting the paper in connection with the precipitate, or, indi- 
rectly and less frequently, by failure to observe the well-established condi- 
tions for properly precipitating and washing magnesium ammonium phos- 
phate. 

The direction for the treatment of the magnesium ammonium phos- 
phate residue given in the texts and handbooks, at the disposal of the 
writer, is by no means sufficient to enable the inexperienced operator to 
safely use a platinum vessel in this operation. The notes on the use and 
eare of platinum ware, published by Baker & Co., Heraeus and other 
platinum smiths, do not suggest the possibility of a mishap from the igni- 
tion of magnesium ammonium phosphate in a platinum crucible. The notes 
furnished by the Baker Co. have long contained the statement: “Organic 
matter containing phosphorous should not be ignited in platinum dishes, 
as it affects the platinum seriously.” This ‘serious affect’ is the same as 
that noticed occasionally in connection with the ignition of magnesium 
ammonium phosphate in platinum crucibles, and is caused by the combina- 


tion of reduced phosphorous with the platinum, forming platinum phosphide. 
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The reduced phosphorous unites with platinum even at a dull red heat 
(600° C.). 

The external appearances of a crucible which has suffered such an 
attack are characteristic. Cracks of varying length appear, usually in the 
bottem, but sometimes in the sides; the fractured surfaces are distinctly 
crystalline; the edges of the fractures are usually raised aud puffed and 
at times present ummistakable signs of fusion. 

Reduced phosphorous, the immediate cause of the destruction of the 
crucible, may be accounted for by inquiry into the nature, the origin and 
the conditions governing the deportment of reducing agents which could 
act upoh magnesium ammonium phosphate during the processes of incin- 
eration and ignition. 

The reduction of the phosphate may be due to any or all of the fol- 
lowing: 

1. Carbon from the imperfectly ashed filter paper. 

2. Ammonia liberated by heat from magnesium ammonium phos- 
phate, or from sodium ammonium phosphate, or ammonium phosphate, 
which may be present in abnormal amount in the maghesium precipitate. 

5. Hydrogen from the dissociation of ammonia at the high tempera- 
ture, and also from the incomplete combustion zone of the gas flame by 
diffusion through the platinum crucible. 

The reduction of magnesium pyrophosphate by carbon begins at 950° 
Cent. and becomes violent at 1,100 to 1,200° Cent. The reduction by 
hydrogen begins somewhat below 900° Cent. Dry ammonia gas passed 
over Magnesium pyrophosphate heated to 950° Cent. yields phosphine and 
red phosphorous.t The destruction of the platinum vessel is most rapid 
when the residue contains free ammonium phosphate, which upon fusion 
yields most of its ammonia and meta-phosphoric aeid. Ammonium phos- 
phate heated in a covered platinum crucible to TOO-S00° Cent. causes com- 
plete destruction of the vessel. Holes appear in the bottom and sides, and 
the lid may fuse. ‘The quantity of ammonia from the magnesium am- 
monium phosphate, which has been properly prepared, will prove destruc- 
tive only under especially unfavorable conditions, e. g. very rapid heating 
of the phosphate to a high temperature. 

Strict observance of the following suminarized suggestions will insure 
the safety of the platinum crucible in the ignition of magnesium ammonium 
phosphate : 


Zeitsch. f. angew. Ch. 
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1. Precipitate the magnesium with sodium hydrogen phosphate, or 
with ammonium sodium hydrogen phosphate, rather than with ammonium 
phosphate. 

2. Do not neglect to wash the precipitate with water containing one- 
fourth its volume of cone. ammonium hydroxide until the washings show 
but a faint turbidity with silver nitrate acidified with nitric acid. If 
ammonium phosphate is present thorough washing is particularly im- 
portant. 

3. Remove the main portion of the residue from the paper before in: 
cinerating. or burn the paper with a small residue, in the crucible, over a 
very small Bunsen flame. This may be quickly accomplished in a draught 
produced by tilting the lid of the crucible. Do not ignite strongly nor heat 
to the fusing peint of the phosphate until the material in the crucible is 
white (carbon free). If the ashing of the paper has been imperfect, allow 
the crucible to coel, moisten the residue with a few drops of cone. nitric 
acid, cover the crucible with the lid, carefully evaporate the acid and heat 
again in the Bunsen flame. The process must be repeated until the residue 
becomes white. a 

4. To the residue in the crucible add the main portion of the pre- 
cipitate and heat in the Bunsen flame gently at first, or until the greater 
part of the ammonia has been expelled, then heat strongly in the blast 
flame until the material «eases to decrease in weight. 
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A PropaBLe Orietn or THE Numerous DEPRESSIONS IN THE 
Mesa Sour or THE Arroyo ForMED BY THE OUTLET 
or T1gERAS CANYON 1N THE Sanpras NEAR 
ALBUQUERQUE, NEw Mexico. 


By ALBert B. REAGAN. 


The occurrence of humerous slight depressions, thickly distributed 
over the mesa south of Tijeras arroyo on the east side of the Rio Grande, 
south of Albuquerque, New Mexico, is very noticeable. These were ob- 
served to be rarely more than five yards across and commonly from eighteen 
inches to two feet in depth and are provided with a raised border. They 
resemble buffalo wallows very much; but are too abundant and their dis- 
tribution is too general. The stratum in which they are indented is a very 
loose, unlithified formation, superimposed upon the Albuquerque Marl,* a 
calcareous deposit some six feet in thickness. 

The depressions extend in depth to this marl stratum and seem to hold 
water. 

These depressions seem to be the “blowouts” of mud upheavels. They 
seem to have been formed at the time the Albuquerque marl was in a semi- 
fluid state. The loose unlithified stratum that is superimposed upon the 
marl was washed down from the Sandias onto the area faster than the 
marl could harden or “ereep” from its advance over the bottom of the 
then Albuquerque lake which occupied the Rio Grande embayment at that 
point. As a result of the pressure caused by the superincumbent weight, 
mud lumps formed in size proportionate to the pressure, like those now 
forming in the Mississippi Delta.** And like those of the Southeast Pass 
of that delta, they collapsed on reaching the mature stage, leaving a small 
pit surrounded by a raised ring. Thus the mud lump, “blowout” theory 
seems to explain the origin of the depressions. 


*C. L. Herrick. The Geology of the Environs of Albuquerque, New Mexico. Amer- 
ican Geologist, Vol. XXII, pp. 29-33. 

**E, W. Hilgard. The Exceptional Nature and Genesis of the Mississippi Delta. 
Science, Vol. xxiv, pp. 861-966. 
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Tur HerapwATERS OF THE TIPPECANOE RIVER. 


BY ds J SCOVELE: 


The Wabash is the great river of Indiana. It rises in Ohio, flows 
westerly across Indiana, then southerly along the western boundary of the 
State into the Ohio River. The 'Tippecanoe River is the chief tributary of 
the Wabash from the north. 

The Tippecanoe has its sources in two groups of lakes situated in the 
southwestern part of Noble County and in the northern part of Whitley 
County, Indiana. 

Crane Lake and Crooked Lake, through short outlets, flow into Big or 
Tippecanoe Lake. Goose Lake, New Lake and Old Lake flow into Loon 
Lake. The outlet of Tippecanoe Lake flows westerly and northerly about 
two miles, where it joins the outlet of Loon Lake, forming Tippecanoe 
River. This stream flows northwesterly about five miles into Smalley 
Lake, and thence westerly 14% miles into Baughner Lake, thence south of 
west through marshes and ponds 114% miles into a mill-pond, called “the 
Dam; thence northwesterly through Kaiser. Lake, the Backwater and 
the Channel about 314 miles into Boydstone Lake, in the eastern part of 
Kosciusko County; thence westerly about two miles into Tippecanoe Lake, 
of Kosciusko County. 

Through the greater part of this distance there is quite a distinct 
valley. It varies greatly in width and in the hight and steepness of its 
bluffs. This valley, these lakes and ponds, the marshes and connecting 
streams are in or on a mass of glacial materials that was probably de- 
posited from the Erie Lobe of the continental ice sheet. These materials 
help to form what Frank Leverett calls the Mississinewa Moraine. This 
moraine extends from White County northwesterly to Steuben County. It 
covers Noble County and large parts of Steuben, Lagrange, Dekalb, Whit- 
ley, Kosciusko, Fulton, Wabash, Miami, Cass and White counties. It in- 
cludes the northern portion of Dr. C. R. Dryer’s Mississinewa—Hel Mo- 
raine. 

Dr. Dryer says “it is an irregular, variously undulating pile of ciay, 
sand, graved and boulders, with a total thickness of from 200 to 485 feet. 
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Its topography defies verbal description, but may be included under a few 
general types. The greater part of the area may be designated as crumpled. 
The ridges have no particular direction, their tops are broad and slopes 
gentle, yet there is very little level ground. ‘This type passes by insensible 
gradations into the corrugated, in which the ridges are steeper, sharper 
and arranged in somewhat parallel lines. Similar features much exag- 
gerated produce what may be called gouged or chasmed regions. The sur- 
face is entirely occupied by deep, irregular, elongated valleys with narrow, 
sharp, winding ridges between, all in indescribable confusion, and every- 
where ponds and swamps, marshes and lakes.” The greater part of the 
lakes of Indiana are in this moraine. The Pigeon, Fawn, and Elkhart 
rivers drain a large section of this moraine into the St. Joseph of Lake 
Michigan. Cedar Creek drains a small portion into the St. Joseph of Lake 
Erie; while the Eel and Tippecanoe rivers drain the balance into the 
Wabash. 
CRANE LAKE. 


Crane Lake, 30 to 35 acres in extent, lies mainly in the N. E. 4 of 
Section 33, Town 33 north, Range 9 east, Noble County, Ind. It is nearly 
a half mile long from N. E. to S. W. and about 40 rods wide. It is sur- 
rounded by marsh and swamp on all sides. Its chief tributary is a little 
stream about a mile long from the northeast, which drains the W. % of 
Section 27. Its outlet is by a ditch across a swamp westerly about 44 of a 
mile into Big Lake. The banks and surrounding regions are not more 
than ten feet above the water of the lake and before ditching they were 
probably not more than four feet above the water. The bottom is of soft 
mud and the slopes of the bed are rather abrupt, except in the southwest. 
Soundings at intervals of about 100 feet, commencing on the northeast. 
were as follows: 50 feet out, 15 feet deep; 150 feet out, 19 feet; then 
1%, BO; 24; 26, 82, $2; 30, 23, 26, 20; 19, 19, 19; 18) 17.) 15, 10; Oa 
10, 10 feet, and 1 foot in the outlet ditch. e 


CROOKED LAKE. 

The eastern extremity of Crooked Lake is in the southeast corner of 
the N. BE. 44 Section 3, T. 32 N., Whitley County, Ind. It extends north- 
westerly about 114 miles into the S. E. 4 Section 33, Noble County, and 
has an area of about 300 acres. <A ridge about 4 mile wide and 18 feet 
high divides the east end of Crooked Lake from Cedar Lake which drains 
into Eel River. About the northern part of the lake there is considerable 
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low, Swampy land, and the country back of the swamp rises scarcely ten 
feet above the lake. Farther south clay hills rise abruptly to an 
elevation of 25 or 30 feet on both sides of the lake. The road run- 
ning N. and S. east of the lake crosses five massive clay ridges 
trending east and west within a mile, each rising 30 feet or more 
above the lakes. There are three small islands and considerable shal- 


low water in the southwestern part of the lake and the northern 


part is rather shallow, but fully one-half the area is covered with deep 
water. The area drained into the lake is very narrow. I saw only one 
inlet and that was short and small. Soundings, at intervals of about SO 
feet, commencing on the east and following the axis of the lake, were as 
follows: 24, 30, 30, 30, 30, 36, 42, 36, 36, 30, 24, 21, 18, 9, 6, 4, 4, 6, 6, 
18, 21, 27, 33, 39, 45, 45, 45, 45, 39, 42, 60, 75, 81, 81, 84, 87, 90, 95, 96, 
102, 102, 102, 105, 106, 106, 105, 105, 106, 105, 105, 105, 105, 96, 93, 98, 
96, 99, 98, 81, 81, 81, 96, 99, 100, 99, 96, 99, 84, 75, 54, 42, 21, 27, 80, 
42, 45, 45, 48, 45, 42, 36, 30, 27, 27, 27, 30, 30, 27, 27, 21, 15, 12, 12, 12, 


and 4 feet among the lily pads near shore. 
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Going east on the county line, at intervals of 160 feet, I found water 
66, 96, 96, and 66 feet deep. 

The lake is well stocked with fish—bass. bluegills, perch, grass-pike, 
and others. Under much of the shallow water there is an abundance of 
workable marl. 


TIPPECANOE LAKE, OR. BIG LAKE, NOBLE COUNTY. 


This lake occupies parts of sections 28, 29, 32 and 33, Town. 33 N., 
Range 9 east. It formerly had an area of about 400 acres, but a ditch has 
lowered the water about 7 feet and reduced the area to about 300 acres. 

Before ditching, fully one-half the area was less than 10 feet deep. 
There is still considerable shallow water in the southeast and southwest 
portions of the lake, but much the greater part of the area is deep water. 
The bluffs are low, not more than 10 to 15 feet above the, water. The 
ditching caused the destruction of a great mass of vegetation, and so 
changed the environment of another great body of plant life that it will 
be many years before the vegetation can adjust itself to the changed con- 
ditions and reach a stable equilibrium. At its present level the lake can- 
not support as much vegetation as formerly. The lake is famous for the 
quantities of fish found in its waters, but they are not as plentiful as 
formerly. On the southwest we found water 380, 85, 46, 47, and 36 feet 
deep, and going northwesterly along the axis of the lake at intervals of 
about 200 feet we found water 50, 65, 72, 65, 50 and 88 feet deep. Deeper 
water was claimed, but we could not find it. There is considerable marl 


in the lake bed, but it is not a workable deposit. 


GOOSE LAKE. 

This lake is in the southwest 4, section 12, Town 52 N., Range 8 E., 
Troy Township, Whitley County. It has an area of about 150 acres. It 
is surrounded by considerable swamp and low land, in which are several 
small ponds. Back of these are several morainic hills rising from 30 to 
50 feet above the surface of the lake. The slopes of the lake bed are rather 
steep and the water is in general quite deep. The lake has been lowered 
about 6 feet by a ditch. This drained adjacent swamps but lessened the 
area of the lake by only a few acres. Fishing is said to be fairly good. 
Commencing on the south and going northerly and westerly at intervals 
of about 100 feet we found the depth as follows: 100 feet out, 17, 20, 
29, 30, 34, 34, 34, 37, 37, 41, 50, 54, 57, 62, 63, 62, and 61 feet; westerly, 
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53, 31, 37, 30, 31, 35, 38, 37, 36, 42, 50, 45, 37, 28 and 14 feet about 75 feet 
to shore. In the western part of the lake south of the line of soundings 
just given we found water 45, 57, 62, 54, 35, and 25 feet to south shore. 
The outlet ditch runs northerly from the northwest part of the lake, into 
Dollar Lake, thence into New Lake. 


NEW LAKE. 

New Lake, having an area of about GO acres, is situated near the center 
section 1, Troy Township, about 14% miles north of Goose Lake. It is sur- 
rounded by low, gently sloping hills, and is bordered on the east by broad 
areas of Scirpus americana and Scirpus lacustris. Commencing at the 
southeast and going northerly at intervals of about 100 feet, we found 
soundings as follows: 15, 12; 20; 39, 30, 29) 30; 31, 38; 43; 38, 34, 26, 
238, 21, 22, 28, 26, 36, 37, 34, 31, 21, and 6 feet among the lily pads near 
shore. The outlet is by a ditch northeasterly about half a mile into Loon 
Lake. 

OLD LAKE. 

Old Lake, about the same size as New Lake, is situated about a half 
mile north of New Lake in the 8. W. 4, Sec. 36, Town. 33 north, Range 8 
east, Etna Township, Whitley County. The shores are low and swampy 
or marshy. Considerable areas of swamp land to the west drain into Old 
Lake. The outlet is easterly a half mile or so into Loon Lake. Soundings 
at intervals of about 100 feet, going easterly, as follows: 25 feet out, 12, 
30, 31, 31, 31, 27, 27, 32, 40, 42, 45, 45, 45, 48, 37, 34, 30, 28, 25, 21, and 
15 feet 100 feet to shore. 

; LOON LAKE. 

Loon Lake: lies mainly in the east half of Sec. 36, Etna Township, 
Whitley County, and in the west half of Sec. 31, Noble Township, Noble 
County. It has an area of about 240 acres. A drainage ditch lowered the 
level of the lake about 7 feet, greatly lessening the area, and reducing the 
proportion of shallow water. Lowering the lake uncovered large areas of 
muck, marl and sand. Some of the muck is well covered with vegetation, 
but the sand and mar! are still quite barren after six years of exposure. 
There is considerable marsh land and swamp in the west, but on the south, 
east and north there are low bluffs rising 10 to 15 feet above the lake. 
To the northwest of the lake there are some hills that rise fifty feet above 
the lake. Commencing at the south and working northerly along the axis 
of the lake at intervals of about 136 feet we found depths as follows: 
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136 feet out, 18, 42, 39, 24, 39, 48, 57, 66, 66, 81, 75, 63, 51, 36, 33, 54, 
36; 30, 21, 18; 21, 33, 36, 39, 36; °36, 33, 24,27, 39, 42, 48, 48) 36) 2752. 
33, 33, 18, and 2 feet among the lily pads. Going north from island about 
40 rods east of the above line we found, 150 feet out, 15 feet, and at in- 
tervals of 136 feet, 36, 48, 54, 54, 33, 57, 63, 60, 60, 57, 39, 27, 24, 27, 
33, 36, 51, 54, 45, 33, 33, and 18 feet 1386 feet to shore. Going westerly 
from the island, at intervals of about 136 feet, as follows: 21, 24, 27, 
39, and 57 feet, near station 7 on first line, 60, 93, 93, 93, 93, 81, and 48 
feet, the water shoaling rapidly to the west. 

The soundings show a large area of deep water and a very uneven bed. 
Fishing is fairly good but not as good as before the lake was drained. 

The outlet flows from near the north end of the lake easterly a few 
rods, then north a half mile or so, where it joins the outlet of Tippecanoe 
Lake, forming Tippecanoe River, which flows westerly into Smalley Lake, 


draining on the way considerable areas of marsh and swamp. 
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DOLLAR LAKE. 

This lake, having an area of 12 to 15 acres, is situated near the center 
of See. 25, a little northwest of Loon Lake. Hills rise abruptly from the 
shore of this lake to an elevation of about 50 feet. A narrow zone of 
marsh surrounds the lake. The slopes of the lake bed are steep. The 


173 


soundings were 26, 30. 37, 44, and 51 feet. The water was reported much 
deeper, but we found only 51 feet. The outlet is northerly into the river 
in the S. E 4 Sec. 24. 
SMALLEY LAKE. 

Smalley Lake, having an area of about SO acres, lies mainly in the S. 
EB. % Sec. 15, extending a little way into the N. E. 4 Sec. 22, Washington 
Township, Noble County. There is considerable low land on the south and 
east, with low bluffs 12 to 20 feet on the west and northwest. A little 
stream drains three small ponds aad some marsh land into the northern 
part of the lake and two ponds with some low land on the east are drained 
into the lake or the river just south of the lake. Commencing at the inlet 
and going northwesterly we found at intervals of about 100 feet water as 
follows: In mouth of inlet, 1 foot; 100 feet out, 8, 16, 28, 35, 37, 37, 
38, 38, 39, 39, 39, 40, 40, 39, 39, 38, 38, 38, 39, 40, 42, 38, 32, 21, 25, 25, 
20, and 12 feet; 3 feet near the head of the outlet, water in the outlet 
about 8 inches deep and 10 feet wide. From Smalley Lake near the center 
of See. 15 the river flows westerly about 1144 miles into Baughner Lake, 
draining on the way a wide tract of low swamp land and Gallup’s pond 
or lake, having an area of about three acres, near the center of Sec. 16. 
It is reported to be shallow. 


BAUGHNER LAKE. 


This lake is located just west of the center of Sec. 16 and has an area 
of about 30 acres. We did not*make any soundings in this lake. It is 
reported as rather shallow, not more than 20 to 25 feet. Baughner Lake 
receives considerable water from the southeast through Johnson Lake 
and its tributaries. 

BROWN LAKE. 


Brown Lake is in the center of section 26, Town. 33 N., Range 8 E. 
It has an area of about 30 acres. It is somewhat elliptical in form, being 
longer from southeast to northwest. Commencing on the southeast, at 
intervals of about 100 feet, we found water as follows: 100 feet out, 21, 
29, 39, 47, 48, 44, 46, 46, 46, 42, 37, 31, 29, 26, and 21 feet, and 6 feet in the 
lily pads about 20 feet from shore. There is some swamp land to the 
southeast and considerable marsh land on the north, but the zone of wet 
land is narrow on the south. The slopes are gentle on all sides, the high- 
lands rising to 20 to 30 feet above the lake. The slopes of the lake bed 
seemed to be abrupt on all sides. The lake is drained northwesterly by 
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a ditch into McDonald Lake or pond, in the western central part of Sec. 
22, thence northwesterly into Johnson Lake, on the north line of See. 21, 
which has an area of about 10 acres. Water is reported deep, 30 to 35 
feet. Baker Lake or pond, a litthe northwest of the center of See. 21, 
drains into Johnson Lake. The outlet of this lake flows northwesterly 
through a pond and surrounding marsh into Baughner Lake. The outlet 
of Brown Lake drains a wide area of land, but there is considerable wet 
land along this valley that the present ditch does not drain. Two other 
ponds in Sec. 16 are drained into Baughner Lake. From this lake the 
river runs a little south of west about 1144 miles into ‘tthe Dam,” a pond 
on the line between sections 18 and 19, so that it is in the S. E. 4 See. 
18 and N. BE. 4% Sec. 19. It has an area of about 15 acres and was formed 
by a dam about 10 feet high. It is shallow and abounds with vegetation. 
From “the Dam” the river flows westerly and northwesterly through Keiser 
Lake, small and shallow, into the Backwater, a shallow body of water 
occupying a large part of the south half of Sec. 18, Town. 33 N., Range 
7 W., Kosciusko County; thence northwesterly through ‘the channel” 
into Boydstone or Webster Lake, in sections 10, 11, 12, 14 and 15, Tippe- 


canoe Township, Kosciusko County, Ind. 
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Caves AND Cave F'orRMATIONS OF THE MrrcHELL LIMESTONE. 
By F. C. Greene. 


THE MITCHELL LIMHSTONE. 

The Mitchell limestone, otherwise known as the St. Louis, barren, or 
‘avernous limestone, is a bluish or grayish, hard, compact, even-grained 
stone, generally having a conchoidal fracture. It is so compact as to make 
it rather impervious. Intercalated layers of blue-gray shale are frequent. 
Large concretions or chert are characteristic of certain horizons. When 
the stone weathers, these masses of chert do not dissolve, but break into 
more or less angular fragments which strew the ground over the Mitchell 
area. In Indiana the formation is also characterized by the common 
presence of a genus of corals known as Lithostrotion or Lonsdaleia. In 
some places, such as western Monroe or southern Crawford County, there 
is a typical white odlite found near the top of the formation. 

Analysis shows the Mitchell to be a very pure calcium carbonate, and 
at Mitchell, Lawrence County, from which place the formation received 
its name, it is extensively quarried for making lime and cement. 

It is found in Harrison, Floyd, Crawford, Washington, Orange, Mar- 
tin, Lawrence, Monroe, Greene, Owen, Morgan, Putnam, Parke, and Mont- 
gomery counties.* It extends south into Kentucky and west into Illinois, 
where it exhibits similar characteristics. 

In the southern part of the State it reaches a thickness of 350 to 400 
feet; in the central part of its area, that is, in Lawrence and Monroe coun- 
ties, the thickness is from 150 to 250 feet, and from here gradually thins 
toward the north.** 

The greater part of the Mitchell lies in the non-glaciated portion of the 
State, thus exposing an erosion topography unaffected by other agencies. 
Several factors enter into the cause of its present topographic aspect. 
During Cretaceous time the area in which the Mitchell is located was 
eroded to base level, forming part of the great Cretaceous peneplain. 
After this event had occurred, a period of elevation began so that erosion 


*Hopkins, T. C., 28th An. Rept. Ind. Dept. Geol., p. 57. 
** Op. cit., p. 58. 
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again commenced to cut down the surface, and probably during the Ter- 
tiary period, it again reached partial peneplanation with a few monad- 
nocks here and there standing above the general surface. It is this Ter- 
tiary peneplain which gives the country its level appearance when viewed 
from a distance. Since this second peneplanation, the country has probably 
been relatively elevated to the present time. The western edge of the 
Mitchell area is overlain by the Huron formation, which, by reason of its 
hard and soft strata, has taken on a very rugged aspect. To the east of 
this belt level lies the central or slightly rolling area of the Tertiary pene- 
plain, while to the east of this, the eastern edge again becomes rolling, 
owing to the underlying Salem and Harrodsburg limestones. 

The Mitchell has a dip to the southwest which probably averages 20 
to 30 feet to the mile. This affects surface streams, though these are very 
few, owing to the extensive underground drainage. 

The general relief of the surface of the Mitchell area becomes greater 
toward the Ohio River. This is probably due to at least three causes, 
namely, the dip to the southwest, the increasing thickness of the forma- 
tion, and the fact that the Ohio River is the largest stream draining the 
area and has cut down to the lowest level of any stream in the area under 
consideration. In the vicinity of Wyandotte Cave the general level of the 
upland is about 300 feet above the level of Blue River. 

The Mitchell limestone has long been known as the ‘‘Cavernous lime- 
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stone. Both the Wyandotte Cave of Indiana and the Mammoth Cave of 
Kentucky occur in its strata. In three counties in the vicinity of Mam- 
moth Cave, over five hundred caves are known to exist. These facts lead 
us to investigate the general adaptibility of this limestone to cave forma- 
tion. 

The reasons of this adaptibility are numerous. Besides the bedding 
planes, two sets of vertical joint-planes exist, one set having a general 
east and west direction and the other a north and south direction. Ver- 
tical joint-planes are probably more numerous in this, than any other of 
the Mississippian limestones. Owing to the fact that the Mitchell is rather 
impervious and often of a lithographic nature, the down flowing water is 
forced to follow the joint and bedding planes. ‘The underlying Salem lime- 
stone contains joint-planes but is porous enough to become thoroughly 
saturated instead of confining the water to joint-planes. 

The Mitchell limestone has a great thickness of rocks of nearly uniform 


texture. It is composed of nearly pure calcium carbonate, which renders 
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it soluble to meteoric water. Many of these facts are brought out by Cum- 
ings in his paper, “On the Weathering of the Subcarboniferous Limestones 
of Southern Indiana,’ in the Proceedings of this society for 1905, pages 
85-100. The great central area is practically level, owing to Tertiary 
peneplanation, thus lessening the amount of run-off. The western part of 
the area is overlain by the Huron formation, composed largely: of porous 
sandstone which absorbs precipitation and passes, a part of it, at least, 
downward into the underlying Mitchell. The area as a whole is wooded, 
which also tends to hold meteoric water rather than to give it up to such 
surface drainage as exists. The area in Indiana lies in a section of coun- 
try which is one of relatively great humidity. 

The individual layers of the formation are comparatively thin and are 
generally separated by thin layers of impervious shale. This factor tends 
to weaken the layers when a cave is formed beneath them and allows them 
to collapse, thus giving the stream the opportunity of enlarging the cave 
in a mechanical way by removing the debris. 


FORMATION OF CAVES. 


Limestone (CaCQ,) is only slowly and difficultly soluble in pure water, 
but when water descends through the atmosphere as in rain and snow, a 
certain per cent. of CO, is dissolved, forming H.CO,. This is enabled to 
dissolve calcium carbonate, forming calcium bicarbonate thus: H,CO,+ 
CaCO,—CaH, (CO,),. The latter product remains in solution until evapo- 
ration takes place. It is owing to this fact that stalactites and stalagmites 
are formed in caves. 

Now when rain-water falls on an area such as that underlain by the 
Mitchell limestone where the conditions favor a minimum amount of run- 
off and evaporation, and where the greater amount of precipitation soaks 
into the soil, it will tend to collect and flow downward through the most 
available passages. Such passages are furnished by the above-mentioned 
joint-planes. Where two of these joint-planes cress at right angles, the 
passage will be freest and it is probably at such points that most of the 
ground-water passes downward. This downward flow of water may be 
arrested by several causes, four of which are most important. The joints 
become tighter as they descend into the earth; the level of ground-water, 
where the flow in the joints is retarded, may be reached; an unusually 
impervious layer of limestone or shale may be present; or what is prob- 
ably most important, a level corresponding to that of the local base level 
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of erosion may be reached and divert the downward moving water. Any 
or all of these causes may change the downward flow of water into lateral 
flow, although in time they may cease to have this function, owing to 
chemical or mechanical erosion. 

Locally other factors may enter into the stoppage of the downward 
flow. These may be greater hardness or impurities of the limestone, ete. 

The horizontal flow will naturally follow the line of least resistance, 
which will be along the line of one of the joint-planes. Thus young caves 
and many which are older, follow approximately straight north and south, 
and east and west lines and have right-angled turns. ‘The direction of the 
cave stream will be determined by local conditions, such as hardness, dip, 
solubility and nearness to surface streams. 

At first the erosion will be by solution, but in time the cave stream 
will come to be governed by much the same laws as surface streams and 
corrosion will do its share in enlarging the cave. The original downward 
opening will become larger and surface material with its hard, angular 
pieces of chert, and soil will be washed into the opening, and sinkholes 
such as are characteristic of the Mitchell area, will be formed. In time 
these become very large, occasionally containing many acres; however, it 
may be said that the very large sinkholes (and these only) are formed by 
collapse of caves. 

In the young cave there will be no evidence of any erosion except 
that by solution. The water is very clear and contains a minimum amount 
of solid matter; the cave will be bounded on all sides by solid rock walls 
and angular protuberances will be everywhere conspicuous. 

So much for the common type of a very young cave. A multitude of 
factors determine the size and shape of a cave as it grows older. Much 
depends on the level of the surface stream into which the cave stream 
flows. If the surface stream is much lower than the level on which the 
cave stream flows, the latter will cut down rapidly, other things being 
equal, thus forming a narrow and deep cave such as is seen at the entrance 
of Shawnee Cave in Lawrence County, or in Wyandotte Cave. If the level 
of the surface stream is near that on which the cave stream flows, the 
tendency will be toward lateral erosion, and the cave will cut downward 
only as rapidly as does the surface stream of which it is a tributary. 

Most of the surface streams and probably all of the cave streams of 
the area had their origin since the Tertiary peneplanation. The Mitchell 


area has been elevated since then, as was mentioned above, but owing to 
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the fact that this elevation has been more or less interrupted, the surface 
streams have devloped terraces and the caves near the Ohio and its older 
tributaries have in some cases four or five levels, prebably due to the 
same cause. Only the lowest of these levels will contain water at the 
present time. The four or five levels of passages in caves in the region 
under discussion may have had other local causes, such as differences in 
hardness or solubility, ete. It is not meant that all caves in this region 
have several levels, for new caves are continually being formed. 

The bedding planes being planes of weakness, the cave will be broader 
at the bedding planes than between them. -(Fig. 1.) Softness or un- 
usual solubility of a particular layer will cause a broadening of the cave, 
while hardness or insolubility will result in a narrowing. If a cave is fol- 
lowing some particular joint-plane, a cross joint (which perhaps carries 
a larger or smaller stream) will cause a decided broadening, due to the 
Weak spot caused by the cross-joint. 

When a particular cave stream reaches temporary base level it will 
cease downward cutting and begin eroding laterally. In this case the 
stream is generally supplied with abundant abrasive material. In time 
this will produce a cave with a sort of an inverted T-shape. (Fig. 2) 
Owing to the thinness of the layers, in time this will cause a collapse of 
the sides and roof, such as has taken place in many parts of Wyandotte 
Cave. (Fig. 3.) i 

If such action takes place where two joints cross, the amount of rock 
precipitated from the roof and walls will be enormous, producing such a 
mound as Monument Mountain in Wyandotte, where a mound over one 
hundred feet high has been formed. In the upper part of Shawnee Cave, 
Lawrence County, the lateral erosion has been very great and in some 
places in this and also in Wyandotte Cave, this tendency has resulted in the 
collapse of the fioor of an older passage above. Thus it will be seen that 
the floor of an old cave will be apt to be rough and rocky instead of level, 
although there are cases where the stream has suddenly found another out- 
let, leaving an old cave with a smooth and firm floor. 

Most of the old caves and some of the younger do not follow straight 
cardinal lines or have right-angled bends. In young caves this is due to 
a tendency of the stream to straighten its course just as a surface stream 
does, although hardness and solubility of the rock play a large part. (Fig. 
4.) For example, if on one side of a joint-plane which a cave stream is 


following, there is a particularly soluble spot, there will probably ‘be a 
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bend or curve developed at the soluble place. (Fig. 5.) In old caves these 
factors, together with that of collapse from lateral erosion after base level 
has been reached, change the shape so that a straight line or right-angled 
bend is seldom seen. } 


SPECIAL PHASES—PITS AND DOMES. 


Many caves are characterized by pits and domes. The former may 
be formed in two ways. Where there is a particularly soft or soluble 
place in the floor of a cave, the hard, angular fragments of chert will con- 
gregate. and by a whirlpool-like abrasion and solution, a pot-hole will be 
produced. These sometimes reach large dimensions, as in Wyandotte, 
where pits twenty or thirty feet deep have been formed. In one particular 
passage of Wyandotte, the downward erosion has been very rapid, so that 
the stream has cut down to a lower level, leaving several natural bridges 
of solid rock. 

The second type of pit and the domes are related. Often where two 
sets of vertical joint-planes cross, the water trickling down will dissolve 
out an erosion dome. In Mammoth Cave of Kentucky, these domes often 
reach a height of one hundred feet or more. They may be formed down to 
the level of the passage along one of the joints, in which case they are 
simply domes, or they may continue eroding after one passage has been 
deserted by the stream and continue to erode to a lower level occupied by 
another stream, thus forming a pit or dome according to the level from 


which they are viewed. (Figs. 6 and 7.) 


CAVE ENTRANCES. 

Cave entrances may be formed in four principal ways. A _ sink-hole 
may become large enough to serve as an entrance, either by corrosion and 
solution, or by subterranean solution of the dome-forming type. Ropes, 
ladders, or steps are generally needed in this type of an entrance. The 
entrances to Little Wyandotte and Marengo caves of Crawford County are 
of this type. 

Another and common type of entrance is that by way of the mouth 
of the out-flowing cave stream. In a young cave this is apt to be on the 
horizontal; but when one mouth is abandoned for another at a lower 
level, weathering produces a curious change. The rocks above the cave 
mouth will weather and fall to the floor, thus causing the entrance to pro- 
gress up the slope and a great pile of debris to collect on the original floor 


of the cave. (Fig. 8.) The entrances to Wyandotte and Saltpeter cayes 
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of Crawford County, and Mammoth Cave of Kentucky are of this type. <A 
shaft was sunk to the depth of sixty feet at the mouth of Wyandotte 
before the solid rock floor was reached. 

A cave stream may undermine the rock beneath a low place such as a 
sink-hole, causing the overlying strata to collapse. In this case there will 
be two entrances at the place where the cave-in occurred. Should atmos- 
pheric agencies weather back the two entrances the cave stream will flow 
above ground for a greater or less distance. This action has occurred 
twice in Shawnee Cave, Lawrence County, and the surface portions of 
Lost River, Orange County, have probably come about in an analogous 
manner. 

A fourth type of cave entrance is that produced by a surface stream 
erodipg its way into a cave; but this type is probably common only in re- 
gions of great relief, such as those bordering the Ohio, since surface 
streams of sufficient size to accomplish this are rather rare in the Mitchell 
belt. 


MATERIALS DEPOSITED IN CAVES AFTER FORMATION. 


It was stated in the second portion of this paper that calcium bi- 
earbonate (CaH.(CO,),. was formed by the action of atmospheric water 
on limestone. This substance will remain in solution until evaporation 
takes place, when it will split up as follows: CaH.(CO,),—=CO,+H,O + 
CaCO,. The carbon dioxide being 1.5 times as heavy as air sometimes 
settles in the lower portions of caves, rendering them dangerous, but this 
is not often the case in the caves of the Mitchell area owing to the pres- 
ence of air currents which remove the gas. The CaCO, will remain as 
stalactitic and stalagmitic deposits. Owing to the fact that in the lower 
and younger parts of the cave, which contain water, the air is generally 
saturated so that evaporation is at least not rapid, the calcareous deposits 
are found in greatest abundance in the higher and drier passages. 

In the deposition of calcareous material the joint-planes again play 
a prominent part, due to the fact that water is able to find its way down 
through them. Very often the vertical joint along which a cave was 
formed will be marked overhead by a row of stalactites and sometimes 
by a row of stalagmites on the floor beneath. Where two joints cross 
each other the deposition is apt to be greatest. In Wyandotte cave in 
two places where large piles of rock have fallen (Senate Chamber and 
Monument Hill) owing to cross joints, the piles of rock are crowned 
with large stalagmites directly beneath the crossing of the vertical joints. 
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Often the water does not evaporate right at the base of the joint but 
trickles down the side walls, depositing a coating of calcareous material 
there. 

In Milroy’s Temple, Wyandotte cave, and in Shawnee cave, Law- 
rence County, the evaporation has not always taken place at the lower 
end of the stalactite, but they are curved outward and upward. This is 
possibly due to the twining tendency in the crystallization of the calcite. 
Local conditions may give rise to an almost endless variety of these cal- 
careous deposits. 

Under certain conditions gypsum and epsomite are deposited in caves, 
the former as a coating of the walls and as curved crystals or ‘“Oulopho- 
lites,’ and the latter as delicate needle-shaped crystals in the earth of 
the cave floor. H. C. Hovey in the “Manual of the Mammoth Cave of 
Kentucky” states that the black deposit on the ceiling of the Star Cham- 
ber of this cave is the oxide of manganese. All of these materials are 
derived from the Mitchell limestone, but owing to its purity are not nearly 
in such great abundance as the calcite deposits. 

The materials deposited on the floors of caves are generally of three 
classes: fallen rock, chert gravel and nitrous earth. Of the first class 
there is little to be said, as it has already been mentioned. The chert 
is derived from the concretions of chert in the limestone. Owing to its 
insolubility, it remains after all other materials have been dissolved. In 
Shawnee cave, Lawrence County, it has in places been cemented together 
by calcite and some oxide of iron to form a hard, firm conglomerate. 

The nitrous earth or “saltpeter dirt” is practically always found in 
passages now abandoned by the streams which formed them. It seems 
to have been originally the finer portion of the solid matter carried by 
the cave stream. Some slackening of the current, probably due in most 
cases to fallen rock, caused this material to be deposited. The deposition 
then continued until the stream found anotlfter outlet. Another source of 
this fine earth, and probably equally as important, is that of material 
washed in through crevices and small sink-holes to the passages directly 
beneath them, which, of course, would be the higher passages of the cave. 
Now these high and dry passages are the ones most liable to be frequented 
by bats, and it is probably from the dung of these animals, which, ac- 
cording to Hahn,* spend about five-sixths of their existence in a dormant 


state, that the potassium nitrate is derived. Inspection of the earth in a 


*Hahn, W. L., Some Habits and Sensory Adaptations of Cave-inhabiting Bats. Biol. 
Bul., Vol. XV, No.3. Aug. 1908, p. 190. 
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dry passage of Shawnee cave, Lawrence County, revealed a multitude of 
bat bones scattered through this earth, a fact that seems to confirm this 
theory. 

In conclusion it may be stated that local causes may and often do 
exist that affect the formation of a particular cave and that are dia- 
metrically opposed to the factors enumerated above, so that no set of rules 
or conditions can be formulated for determining the formation of a cave 


or explaining its formation. 
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Fig. 1. Showing the effects of bedding _Fig. 2. Showing the effect of long con- 
planes where the stream has cut down rap- tinued lateral erosion. The dotted line 
idly (A) and slowly (B). shows the curve of greatest strength. 


Fig. 3. Showing collapse due tosweak- Fig. 4. The solid lines show the original 
ness from lateral erosion. The cave has cave and the dotted lines the course the 
assumed the curve of greatest strength. stream will seek to pursue. 
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Fig. 8. Progression of a cave entrance up a slope. 
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Tar Lire Zones oF LNDIANA AS ILLUSTRATED BY THE DISTRI- 
BUTION OF ORTHOPTERA AND COLEOPTERA 
WITHIN THE STATE. 


By W. S. BLATCHLEY. 


During the past twenty years much of my spare time has been de- 
voted to the collecting and classification of the insects of Indiana, es- 
pecially Orthoptera, or katydids and grasshoppers, and Coleoptera, or 
beetles. In the report of the Department of Geology for 1902 the results 
of the work on Orthoptera were published, about 150 species being therein 
classified and described. The Coleoptera are at present being worked up, 
and I hope to be able to publish a descriptive catalogue of them within 
the next two years.. Up to the present about 2,700 species have been col- 
lected in the State. 

The collecting and detailed study of the distribution of the above men- 
tioned insects in Indiana has developed certain facts regarding the life 
zones of the State which I thought might be of interest. In a map ac- 
companying his paper entitled “Life Zones and Crop Zones of the United 
States,” published in 1898, Dr. C. H. Merriam, chief of the Biological Sur- 
vey of the U. S. Department of Agriculture, showed the “Upper Austral 
Zone” as covering the entire State -with the exception of a very small 
area of the Lower Austral in the extreme southwestern corner. The facts 
brought out regarding the distribution of Orthoptera and Coleoptera in 
Indiatia, which are supplemented by numerous field notes on other groups 
of insect and animal life, and on the flowering plants, prove conclusively 
that the “Transition Zone,’ represented by the Alleghanian fauna and 
flora, overlaps the northern fourth of the State, while the “Lower Austral 
Zone,” represented by the Austroriparian fauna and flora, overlaps the 
greater part of the southern third. The Carolinian fauna and flora of the 
Upper Austral embraces, of course, the prevailing forms of life in the 
State, 93 of the 148 species of Orthoptera belonging to it. The majority 
of these range over the entire State, mingling with the representatives of 
the Alleghanian fauna in the north and with those of the Austroriparian 
fauna in the southern third. The proportion of Coleoptera belonging to 
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the Carolinian fauna will be about the same, but the exact figures cannot 
as yet be given. To the Carolinian fauna belong also the great majority 
of the other forms of animal life in the State. 

As some members of the Academy may not be acquainted with Dr. 
Merriam’s paper I would state that he divides the continent of America, 
according to the distribution of its animals and plants, into three primary 
transcontinental regions, viz., Boreal, Austral and Tropical. The Boreal 
region covers the whole of the northern part of the continent from the 
Polar sea southward to near the northern boundary of the United States. 
and occupies also the higher parts of the three great mountain systems, 
viz., the Sierra-Cascade range, the Rocky and the Alleghany mountains. 

The Tropical region is represented in the southern part of the penin- 
sula of Florida only. The Austral occupies the intervening territory, cov- 
ering the whole of the United States and Mexico except the Boreal moun- 
tains and Tropical lowlands. 

Each of these three great regions is again subdivided into a number 
of minor belts or areas, known as zones, and characterized by particular 
associations of animals and plants, the Austral region, which alone is 
represented in Indiana, being subdivided into the three transcontinental 
belts mentioned above, namely, the ‘Transition,’ “Upper Austral” and 
“Lower Austral” zones. 


THE TRANSITION ZONE. 


The uppermost of the three Austral divisions is the transcontinental 
belt in which the Boreal and Austral elements overlap. In Indiana it is 
represented in the two northern tiers of counties, which counties embrace 
several hundred fresh water lakes within their bounds. These lakes range 
in size from an area of half an acre up to five and a half square miles. 
About their margins are often extensive areas of low boggy land covered 
with numerous forms of plant life whose main distribution is far to the 
north and which have here their southern limit. Among the more charac- 
teristic plants of the Alleghanian flora, which are found only in the north- 
ern fourth of Indiana, are the following: Larch or tamarack, Larix lari- 
cina (Du Roi); arbor vitae or white cedar, Thuja occidentalis L.; false 
lily of the valley, Unifolium canadense (Desf.); moceasin flower, Cypri- 
pedium acaule Ait.; showy lady’s slipper, Cypripedium reginae Walt.; 
bog orchis, Arethusa bulbosa L.; fen orchis, Leptorchis loeselii (L.) ; sweet 
fern, Comptonia peregrina (.); paper or canoe birch, Betula papyrifera 
Marsh; speckled or hoary alder, Alnus incana (.) ; gold-thread, Coptis tri- 
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folia (l.); round-leaved sundew, Drosera rotundifolia L.; black choke- 
berry, Aronia nigra (Willd.) ; round-leaved wintergreen, Pyrola rotundi- 
folia L.; shinleat, Pyrola elliptica Nutt.; creeping wintergreen, Gaultheria 
procumbens L.; large cranberry, Orycoccus macrocarpus (Ait.) ; chiekweed 
wintergreen, T'rientalis americana Pursh., purple bladderwort, Utricularia 
purpurea Walt., and the twin-flower, Linnawe borealis L. 

Among the mammals and reptiles the following representatives of the 
Alleghanian fauna occur in the northern fourth of the State: Canada 
porcupine, Hrethizon dorsatus (l.); red squirrel or chickaree, Sciurus 
hudsonicus Erxleben; star-nosed mole, Condylura cristata (.); hoary 
bat, Atalapha cinerea (Beauv.); American badger, Taridea americana 
(Boddaert) ; speckled tortoise, Clemmys guttata (Schneider) ; and Blan- 
ding’s tortoise, Amys meleagris Shaw. 

Of the Orthoptera from the State, 28 species, or 15.5 per cent of the 
total, may be classed as belonging to the Alleghanian fauna and as occu- 
pying the southern limits of the Transition Zone, which lies between the 
Boreal and Upper Austral zones. These truly northern members of our 
Orthopteran fauna are as follows: 


INDIANA ORTHOPTERA BELONGING TO THE ALLEGHANIAN FAUNA. 


1. Orphulella pelidna (Burm.) 12. Melanoplus extremus (Walker) 
2. Orphulella speciosa (Seudd.) 13. Melanoplus angustipennis (Dodge) 
3. Stenobothrus curtipennis Harr. 14. Phetaliotes nebrascensis (Thom.) 
4. Mecostethus lineatus Seudd. 15. Paroxya scudderi Bl. 
5. Camnula pellucida (Seudd.) 16. Scudderia pistillata Brunn. 
6. Hippiscus haldemanni (Seudd.) 17. Conocephalus robustus Seudd. 
7. Spharagemon wyomingianum 18. Orchelimum indianense BI. 
(Thom.) : 19. Orchelimum delicatum Brun. 
Trimerotropis maritima (Harr.) 20. Orchelimum gladiator Brun. 
9. Schistocerca rubiginosus (Harr.) 21. Nemobius pauistris Bl. 
10. Hesperotettix pratensis Scudd. 22. Nemobius confusus Bl. 
11. Melanoplus fasciatus (Walker) 23. Gryllus arenaceus Bl. 


No list of the Coleoptera of the Transition Zone has ever been pub- 
lished, but about 1848 Louis Agassiz and other parties made a trip to 
the northern shore of Lake Superior, and in a volume published in 1850, 
treating of the natural history and other features of that region, Dr. J. 
L. Le Conte listed the beetles taken and described many new species. Of 


these more than forty have been taken in the northern fourth of Indiana 
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and nowhere else in the State. They occur for the most part in and 
around the borders of the Tamarack marshes, which are familiar features 
in many of the counties in this area of Indiana. Numerous other species 
whose range is given by Le Conte and Horn as “southern border of British 
America and northern United States” occur in this Transition Zone of the 
State, and a complete list of them will be given in the paper on Coleoptera 
when published. 
THE LOWER AUSTRAL ZONE. 

The extreme northern boundary of the Lower Austral life zone passes 
in a northwest-southeast direction through the following counties in In- 
diana: Vigo, Clay, Owen. Monroe, Jackson, Jennings, Jefferson and 
Switzerland. In the territory south of this line the Austroriparian fauna 
of that zone overlaps and merges with the Carolinian fauna of the Upper 
Austral zone. The extension northward on the western line of the State 
is, without doubt, due to the presence of the broad and sheltering valley 
of the Wabash River, within the confines of which certain southern forms 
have found a climate mild and suitable to their habits. Within this val- 
ley the following members of the Austroriparian flora grow indigenously, 
a number of them as far north as Terre Haute: Bald cypress, T’arodium 
distichum (.); upright burhead, Pchinodorus cordifolius (1.) 3; showy 
amaryllis, Hymenocallis occidentalis (LeC.); pecan, Hicoria pecan 
(Marsh); swamp or downy poplar, Populus heterophylla L.; chinquapin, 
Castanea pumila (.); Texan red oak, Quercus teruna Buckley ; pipe vine, 
Aristolochia tomentosa Sims; American lotus, Nelumbo lutea (Willd.) ; 
Carolina moonseed, Cebatha carolina (.); great burnet, Sanguisorba 
canadensis Iu.; water or swamp locust, Gleditsia aquatica Marsh; water 
ash, Fraxrinus caroliniana Mill, and crossvine, Bignonia erucigera L. 

Among other characteristic southern plant forms occurring in Indiana 
south of the northern boundary of the Lower Austral zone are: The 
yellow pine, Pinus echinata Mill.; mud plantain, //eteranthera reniformis 
R. & P.; false aloe, Agave virginica L.; Spanish oak, Quercus digitata 
(Marsh); southern hackberry, Celtis mississippiensis Bose.; American 
mistletoe, Phoradendron flavescens (Pursh.); cucumber tree, Alagnolia 
acuminata I..; pencil flower, Stylosanthes biflora (.) ; Carolina buckthorn. 
Rhamnus caroliniana Walt.; yellow passion flower, Passiflora lutea 1.; 
Hercules club, Aralia spinosa L.; persimmon, Diospyros virginiana L.; uni- 
corn plant, Martynia lowisiana Mill.; catalpa, Catalpa catalpa (1), and 
the rough button-weed, Diodia teres Walt. 
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The southern mocking bird, Mimus polyglottos (.), nests in numbers 
as far north as Terre Haute, and the ‘‘chuckwills widow,” a southern ally 
of the whip-poor-will, occurs in Knox and Gibson counties; while among 
the batrachians and reptiles the hellbender, Cryptobranchus alleghaniensis 
(Daud.); the southern cricket frog, Acris gryllus Le Conte; the corn 
snake, Ophibolus doliatus (1.); Say’s chain snake, Ophibolus calligaster 
(Say); the bead snake, Hlaps fulvius (.); the ground lizard, Oligosoma 
laterale (Say); the alligator snapping turtle, Macrochelys lacertina 
(Schweigger), and the yellow-bellied terrapin, Pseuwdemys troosti (Hol- 
brook), all forms whose main distribution is far to the south, find in 
southern Indiana a congenial abiding place. 

It is not strange, therefore, that we find living with these plants and 
animals a number of Orthoptera and Coleoptera whose range has hereto- 
fore been thought to be confined to the region mapped by Merriana as the 
“Lower Austral.” Thirty-two of the 148 species of Orthoptera, or 21.6 
per cent of the total, may be classed as southern forms. They are as 


follows: fice 


INDIANA ORTHOPTERA BELONGING TO THE AUSTRORIPARIAN 


FAUNA. 
1. Temnopteryx  deropeltiformis 16. Schistocerca damnifica (Sauss.) 
Brunn. 17. Melanoplus morsei Bl. 
2. Ischnoptera inaequalis Sauss- 18. Melanoplus impudicus Seudd. 
Zehnt. 19. Amblycorypha uhleri (Brunn.) 
3. Ischnoptera major (Sauss.-Zehnt.) 20. Conocephalus bruneri Bl. 
4. Stagmomantis carolina (1) 21. Atlanticus dorsalis (Burm.) 
5. Gonatista grisea (Fab.) 22. Camptonotus carolinensis (Gers.) 
6. Anisomorpha ferruginea (Pal. de 23. Ceuthophilus stygius (Seudd.) 
Beauv.) 24. Ceuthophilus uhleri Scudd. 
7. Tettix arenosus Burm. 25. Myrmecophila pergandet Brun. 
8. Neotettix hancocki Bl. 26. Nemobius canus Seudd. 
9. Tettigidea spicata Morse. 27. Nemobius cubensis Sauss. 
10. Tettigidea lateralis, (Say). 28. Gryllus firmus Seudd. 
11. Syrbula admirabilis (Uhl.) 29. Miogryllus saussuret (Scudd.) 
12. Hippiscus phenicopterus (Germ. ) 30. Phylloscirtus pulehellus (Uhl.) 
13. Mestobregma cinctum (Thom.) 31. A pithes agitator Uhl. 
14. Trimerotropis citrina Seudd. 32. Orocharis saltator Uhl. 


15. Leptysma marginicollis (Serv.) 
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Of the species listed but four, one of them being the Carolina mantis 
or rear-horse, Stagmomantis carolina (l.), and the others Camptonotus 
carolinensis (Gers.), Syrbula admirabilis (Uhl.) and Orocharis saltator 
Uhl., have been taken in small numbers as far north as Marion County; 
all of the others only south of the line mentioned as forming the northern 
border of the Lower Austral. 

In this Lower Austral zone I have also taken more than one hundred 
species of beetles whose range heretofore has been given as the Gulf or 
Southern States. Among them are some of the largest and most striking 
members of Coleoptera taken within the State, regular “Oh, my! beetles ;” 
that is, those which beget the ejaculation “Oh, my!” when they are noted 
by persons not especially interested in the order. Among these two of 
our largest tiger beetles of the genus Tetracha; the stag beetle, Lucanus 
elaphus Fab.; the rhinoceros beetle, Dynastes tityrus Linn.; the unicorn 
beetle, Vyloryctes satyrus Fab., and the fig-eating beetle, Allorhina nitida 
L., are examples most worthy of note. 

It will be noted that the line which separates the Lower Austral from 
the Upper Austral zones in the State corresponds somewhat approximately 
with the southern border of the glacial invasion of Indiana, and it is more 
than probable that the ancestors of many of these southern forms existed 
in southern Indiana in preglacial times, when the climate was much 
warmer than now. It is also probable that many of these Orthoptera and 
Coleoptera, as well as a number of those species inhabiting the entire 
State, advanced into the State from the south as fast as it was uncovered 


by the receding ice. 
UPPER AUSTRAL ZONE. 


Of the Upper Austral Zone, which covers the greater portion of the 
State and whose fauna and flora overlap and merge with those of the 
Transition Zone in the north and the Lower Austral Zone in the south, I 
have but little to say, as this fauna and flora are the ones whose members 
are most familiar to all present. Merriam, in his paper above cited, states 
that counting from the north, the Upper Austral area, represented by the 
Carolinian fauna and flora, is that in which the sassafras, tulip tree, 
hackberry, Sycamore, sweet gum, redbud and short leafed pine first make 
their appearance. Along with these trees and shrubs are found the opos- 
sum, gray fox, fox squirrel, cardinal, Carolina wren, tufted titmouse, 


blue-gray gnatcatcher, summer tanager and yellow-breasted chat. 


1g) 


As already mentioned, the great proportion of the Orthoptera and 
Coleoptera of the State belong to this Carolinian fauna, and a great ma- 
jority of the same species are found in Ohio, the eastern two-thirds of 
Kentucky, nearly all of Illinois, Iowa and Missouri and the eastern halves 
of Nebraska and Kansas. 

To the facts above given many others could doubtless be added by 
those members of the Academy from the extreme northern or southern 
portions of the State who have studied rather closely the fauna and flora 
of their respective areas. 
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ANIMALS OF THE OLyMpPic PentnsuLA, WASHINGTON. 


By ALBERT B. REAGAN. 


For the past three years I have been making observations on the ani- 
mals of the Olympic Peninsula as time would permit. These I give below: 


Sciurus douglast Bach. 

This is a very common squirrel. It is colored grizzly rufus to rusty; 
but in color its tail is very variable. It lives in the coniferous forest and 
feeds upon the cones. ' 
Tamias townsendi Bach. Washington Chipmunk. 

A very pretty chipmgnk found everywhere to an elevation of 2,000 to 
4,000 feet. I saw one specimen at snow line at the head of the Soleduck 
River. 

From the shore line to the snow-capped mountains these squirrels were 
observed to bark when suddenly disturbed; but when calling each other 
they uttered a querulous chirp. This squirrel is very shy till it gets 
“acquainted.” Then it becomes quite a pest and a little thief. At the 
Soleduck springs I have seen them crawl over a person while lying still, 
and have known them to steal bread off of a table in the same tent where 
cooking was going on. 

Tamias caurinus Merr. 

Only one individual of this species: was seen at timber line in the 

Happy Lake country. 


Arctomys olympicus Merr. Olympic Marmot. 

I saw only one pair of these animals on a ridge between the Soleduck 
River and Hast Fork. Their color was ochraceous yellow. In actions 
they imitate a prairie dog very much; but in size they are considerably 


larger. Some are said to weigh as much as twenty-five pounds. 


1. In identifying the species here given I have used the “Catalogue of Mammals 
from the Olympic Mountains, Washington,” by D. G. Elliot (““Field Columbian Museum 
Publication 32”), and Jordan’s ** Manual of Vertebrates,” as reference books. 
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Sciuropterus alpinus olympicus Elliot. Olympic Flying Squirrel. 

One individual of this species was caught m a trap at La Push by one 
John Sailto last winter while trapping for mink. Whis is the only one 
seen in the region so far as the writer knows. The animal is supposed 
to be nocturnal in its habits. 

Hoplodontia olympica Merv. Olympie Mountain Beaver or “Gehalis 

Farmer.” 

I have seen several hides of these animals which the Indians had 
procured to sell to the fur companies; also some captured young. But 
I have never visited their farms. The natives tell me that these little 
animals cut down a grass or low lily near where they make their burrows, 
spread out the hay and dry it in the sun and then take it into their holes 
to serve as food or bed. These beavers are much smaller than the beavers 
of, the Mogollon Mountains, the only other beavers I have seen. 
Peromyscus akeleyi Elliot. 

This long-tailed, large-eared mouse is a common pest and is to be 
found everywhere. It rivals the domestic mouse of the Eastern States 
in its efforts to live in the same house with the master of creation when 
a cabin is pitched in the forest. But it is more easily caught than its 
brother mouse; 54 were drowned in a waterpail in a house on the edge 
of a new clearing near here in one night. In color it is rather dark with 
an almost black dersal area. And in size it’is a little under that of the 
domestic mouse. Its tail is as long or longer than the head and body. 
Neotoma occidentalis Baird. Wood Rat. 

A colony of these rats was found at the mouth of the Hoh River. I 
went to stay all night in a house where a bachelor was staying. The 
owner said the house was haunted, that the former owner was a sea Cap- 
tain, and that, wrecking his ship on the reefs at the mouth of the river 
adjacent, his troubled spirit came back at night and thumped and knocked 
about the floors and house walls. I said nothing but set a ‘figure four” 
trap; and the next morning it was not the sailor’s spirit that was in it, 
but instead there was a huge wood rat. 

In color this rat resembles Neotoma cinerea columbiana very much 
but is darker, especially along the dorsal area. It has a conspicuous 
bushy tail. The animal has some very peculiar habits. It carries large 
sticks of wood around, and when on a floor or anything which will pro- 
duce a sound it thumps the wood up and down on the sounder for no other 
purpose, it seems, than that of hearing the noise. It makes its nest of 
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sticks. Another peculiar characteristic it has is that of “trading;”’ it 
never takes anything without leaving something in its place. For this 
reason it is called the “trade rat” by the settlers. In size it is about as 
large as a common gray squirrel. 

Evotomys nivarius Bailey. 

This alpine species of mouse was seen only near the Happy Lake 
country. ‘It lives in colonies. In color its dorsal surface is strongly 
marked with chestnut, sides of body gray and buff, under parts white, 
tail bi-color. The tail is half as long as the body. 

Microtus macrurus Mery. 

I found a dead specimen on the trail from Crescent Lake to the Sole- 
duck Hot Springs. It seems to be rare. 
Microtus morosus Elliot. 

A common species. 

Microtus oregoni Bach. Meadow Vole. 

Not many individuals of this species were seen by the writer. 
Thomomys melanops Merry. Gopher. 

This animal is a common pest iv hay fields. In color it is pale brown 


to reddish, with considerable black about the head and face. 


Zapus imperator Elliot. Kangaroo Mouse. 

This is an abundant species, but hard to catch. In color its sides are 

buff, back dark, under parts white. 
Sorex vagrans Baird. Shrew. 

Only three individuals of this species were seen. 
Lepus washingtoni Baird. Washington Rabbit. 

Description: Male—Brown from head to tail on back and sides. Chin 
and lower jaw white to light brown, neck brown beneath, rest of under 
parts white, legs brown without, front legs white on outside, front of 
hind legs white, hair reddish brown on flanks just in front of each hind 
leg, tip of toes of each foot white. Tail short, ending in a tuft of dark 
hair, color of hair above dark brown, light brown beneath. Anal tuft 
nearly white. Hind legs from knee to foot on back dark to dark brown. 
Each front leg has a small linear white spot on front of knee, 

Length of head 3.125 in., thickness of head at base of skull 2.625 in., 
width of base of lower jaw 1.875 in., width of ear at widest part 1.375 in., 
length of middle front toe 1 in., length of hind leg 11.125 in., length of hind 


foot and leg beneath the knee 4,875 in,, length of hind foot 1.875 in., length 


HOT, 


of middle toe of hind foot 1.375 in., length of claw of middle toe of hind 
foot .5 in., length of neck 2 in., length of body 11 in., length of tail 1.125 in. 

Female—The sides of the female are a lighter brown than those of 
the male and the white of the lower parts have longer hairs of brown 
scattered through them in numbers enough to make those parts appear 
light brown. The female is considerably larger than the male. 

Both the male and female rabbits walk more on the hind leg from 
the knee down to the foot than the ‘‘cotton tail” does. These rabbits are 


quite numerous. 


Cervus canadensis occidentalis H. Smith (C. roosevelti Merr.) Roosevelt 
Hk. 
Description: Head, neck, legs, rump black to brown. 
This animal is now found principally above three thousand feet ele- 
vation. They are not plentiful. I saw seventeen near the Soleduck Hot 


Springs in August, 1906. 


Odocoileus (Cervus) herminous Rafin. Black-tailed Deer. 
This deer is found principally in the “Frozen Lake” country up near 


the Olympics proper. It is not plentiful. 


Felis rufa fasciata Elliot (Raf.). 
This animal is large and savage. It is due to the ravages of this 
animal that the deer and elk have been so reduced in numbers. In color 


it is a rich chestnut to a mahogany red. 


Canis latrans Say. Coyote. 
Two of these animals were killed by one of the forest rangers last 


year. They evidently were strays. 


Canis mbilus Say. Gray Wolf. 
These animals are now practically extinct; the settlers killed them 
by wholesale with poison to keep them from making raids on their sheep 


sanches. 


Ursus americanus Pall. Black Bear. 

This is a very common animat. ~ It lives principally on berries in the 
fall of the year. The principal berries it eats are salal, salmon, red elder, 
thimble, huckleberries and blueberries. It gets fat on berries and is 
then good eating. In the spring it lives principally on skunk cabbage. It 
digs it up and eats it root and all. But when the salmon begin to “run” 
the bear leaves his cabbage garden and his berry patch and turns fisher- 

[14—21863] i 
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man. And he catches the fish, too. He goes to a ripple and wades out 
into the water and waits for a fifty pounder to come along, and then he 
seizes it with his front paws and teeth and drags it ashore. At other 
times he gets on a log over the stream or on the bank and when the van- 
guard of the salmon army comes along on its march to the upper tribu- 
taries he springs into the water and seizes one of their number; and he 
seldom misses his aim. 

Mustela pennanti pacifica Rhoads. The Fisher. 

This animal is about the same size as the eastern fisher. Its fur is 
long, thick and glossy, varying from a jet black to a grizzly gray, especially 
on the head and neck. The tail is long and bushy. This animal is rare. 
Mustela americana Kerr. Pine Marten. 

In color this animal is brown and not darker below than above, with 
tawny throat patch. The ears are high and sub-triangular. I have seen 
but a few of these animals. They seem to be rare. 

Putorius vison energuninus Bangs. Mink. 

This animal is large and the usual mink color. Some specimens, how- 
ever, have chin, center of throat and anal regions white, with a few seat- 
tering white hairs upon the breafst. 

Putorius washingtoni Merr. 

Only two individuals of this species were seen at the head of the 
Soleduck River. 

Putorius streatori Merr. 

This is a very common weasel. It has a somewhat variable color, 
with a black spot thrown in now and then. 
Lutra canadensis Schreber. American Otter. 

These animals are frequently trapped by the Indians. Their skins 
sell for $25 or more each. 
Mephitis foetulenta Flliot. 

This is a very common skunk. It is met with principally along the 
beach, where it feeds on seaweed and shellfish. A dozen of them have 
been seen on the beach in an hour’s walk. They come out usually just be- 
fore dusk, though an occasional one may be seen at any hour of the day. 
They are not the least bit shy, as a rule, and are not troublesome unless 
attacked. 

Spilogale olympica Elliot. 
This is a very common striped skunk. The Indians catch them for 


their skins; also for the skunk oil, which they use as medicine. 
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Scapanus townsendi Bach. Mole. 

In color this animal is black with a silvery gloss; its feet are human 
skin color. 

A stuffed specimen is now in the museum of the Kansas Academy of 
Science. 

Myotis yumanensis saturatus Miller. -Yellowish-Brown Bat. 

This species is quite numerous. 

Procyon lotor L. Raccoon. 
This animal is very common. 
Bnhydris (lutris?) marina. Sea Otter. 

This animal is not common; but it is occasionally captured or found 
dead on the beach. 

A starving aged squaw found one on the beach near here some four 
years ago while looking for barnacles to eat. She put it in her basket 
and brought it home, skinned it and sold the pelt for more than $200; 
then gave a “potlatch” with the money and starved to death herself the 
next summer. 


Eumetopias ateleri. Sea Lion.* 

These animals inhabit the jagged island group between Ozette and 
La Push. I have visited the islands twice, and each time have had the 
luck to see hundreds of these animals basking in the sun on the rocks, 
hear their bellowing and see their playing. It is quite amusing to see 
a sea lion “scratch” himself with his flippers. The Indians kill the sea 
lion for its flesh, which they relish very much. 

Phoca vitulina. Wair Seal.* 

These seals inhabit the rocky islands of the whole coast. The Indians 
kill them for their flesh and also for their hides. The skins are removed 
as near whole as possible, turned hair side in, tied up so as to be airtight, 
then inflated. They are then used as buoys in catching whale. No other 


wild animal is so useful to the Quilentes. 


The last three species are sea animals and are classed here only for convenience 
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THe CrrounAtTion oF Mixep Bruoop In THE EmMBryo MaAm- 
MAL AND Brirp, AND IN THE ADULT ReEptine, Am- 
PHIBIAN AND F'lsuH. 


By A. G. POHLMAN. 


Our conception of the course of the blood through the heart of the 
lower vertebrates appears to be based almost entirely on the conditions 
found in the adult of the warm-blooded forms (birds and mammals). It 
is well known that the adult bird and mammal possess a double circula- 
tion, i. e., a cycle in which venous blood is propelled from the heart to be 
returned oxygenated (pulmonary circulation), and one in which arterial 
blood is expelled to be returned venous (systemic circulation). The 
afferent and efferent vessels are in no way connected save through a capil- 
lary system, and for this reason the heart may be divided into a right 
or venous and a left or arterial heart. While the greater part of the 
seventeenth century was occupied with the Harvey doctrine, the eighteenth 
century found men equally engaged with the course of the blood through 
the fetal heart. Three distinct theories were suggested before the begin- 
ning of the nineteenth century—one based on alleged physiological ne- 
cessity, a Second on the anatomical relations found in the fetal mammalian 
heart, and a third on the logical deductions from the differences between 
the fetal and adult circulatory conditions. The differences between the 
fetal and adult heart in mammals are, briefly, the right auricle receives 
the precavals (venous) and the post-caval vein (V. cava inf.), which ‘is 
arterial; a communication between the right and left auricle is present 
(foramen ovale), and a connection is found between the heart efferents 
(pulmonary artery and aorta) in the ductus arteriosus. 

The theory based on physiological necessity (von Haller-Sabatier) 
was this: if the left heart in the adult is arterial, then the chances are it 
must also be arterial in the fetus; hence the oxygenated blood in the post- 
caval vein must pass through the foramen ovale into the left heart. It 
was further inferred that because the ductus arteriosus short-cut the 
venous blood from the pulmonary artery into the descending aorta, the 
vessels arising from the aortic arch would convey a better quality of blood. 
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The net result of this scheme was that not only did the head and upper 
extremities receive a better quality of blood, but a right venous and a 
left arterial heart was maintained and a function was suggested for the 
Eustachian valve in the right auricle. Unfortunately this doctrine has 
been antagonized since 18385 with little effect on the described circulation 
in the mammalian fetus, and with no consideration of its evident defects 
in the latest text-book (8) on chick embryology. At the last meeting of the 
Academy I labeled the scheme ‘‘morphologically inaccurate, developmentally 
unnecessary and physically impossible.” The second theory (Wolff) was 
based on excellent anatomical observation but does not fulfil the physical 
requirements of the proposition. The third theory (Harvey), a mixing of 
the blood in the right auricle, was quite definitely demonstrated to occur 
in the living fetal pig. I found by injection experiments that the blood 
passing into the heart from the right precaval and the postcaval veins 
found its way into both ventricles. Interpreted in a physiological man- 
ner, the result is that all the arteries in the mammalian embryo contain 
a mixed blood. The point raised, while of no practical importance in itself, 
is interesting because it was first suggested by Harvey in 1628; because 
it may lead to a more perfect understanding of the anatomical changes 
from the fetal to the adult circulation; and lastly because of its morpho- 
logical significance. It is the latter point that I would bring out in greater 
detail. 

It is well known that the double circulation is found only in the warm- 
blooded adult vertebrates (bird and mammal); animals in other words, 
where the body temperature demands a greater degree of oxygenation and 
in which the oxygenation is entirely confined to the lungs. In the lower 
vertebrates this condition does not obtain, reptiles excepted. The amphibian 
has other means of obtaining oxygen than through the lungs, and the fish, 
other paths than through the gills. The relatively low body temperature 
does not necessitate so rich a content of oxygen in the blood. If we ex- 
amine this statement closely we see that the embryos of mammal and bird 
resemble the reptile and amphibian; they do not possess a distinet four- 
chambered heart, and while in the latter the element of warmth does not 
enter, in the former all of the warmth, practically speaking, is supplied 
by the maternal body through internal or external incubation. The meta- 
bolic processes of the mammal and bird are therefore insufficient to main- 
tain the essential body temperature. 

If we examine the phylogenetic relation of the mammal and bird we 
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note that the higher mammals carry the offspring to term; the marsupials 
have a short period of gestation, and while the young are born in a very 
immature condition, they are brooded in a sac (marsupium) ; the mono- 
treme’s method does not differ essentially from that of the bird save per- 
haps in the mode of the incubation of the egg and the postembryonal care 
of the offspring. It would therefore be a logical inference to grant that 
the circulatory conditions in the fetal mammal and bird were about the 
same. Indeed the von Haller-Sabatier theory has been carried over di- 
rectly to the bird, i. e., the right heart of the fetal bird is described as 
venous, the left as arterial. 

I have stated that the latest text-book on chick embryology translates 
this blood segregation theory from mammal to bird with no comment on 
its defects. If the postcaval vein in the chick does carry the arterial 
blood richly laden with nourishment from the yolk to the left auricle 
through the foramen ovale, then the relations of the precaval to the post- 
‘aval openings must be vastly different from what they are in the mammal 
—pbut they are not. Further, if this is a developmental necessity, what 
is the character of the circulation in the anomalies where the right precaval 
opens with or into the postcaval? Is it possible for the described condi- 
tions to obtain in these cases or in Rhea’ americana, where, according to 
Gasch (2), the common opening of the right precaval and the post caval is the 
normal. I have no experimental evidence to bring up as yet for the mixing 
of the blood in the right auricle of the bird, but I believe there is sufficient 
ground for the claim that it occurs from the similarity to the mammal 
in heart structure, developmental requirements, and from the aberrant 
types such as I have mentioned. 

Phylogenetically the connecting link between bird and reptile is par- 
ticularly strong; ontogenetically the requirements for development differ 
only in body temperature (viviparous forms excluded), and we would 
therefore expect little difference in the character of blood circulation, al- 
though the heart structure is quite different. Taking the turtle as the 
type, the described circulation is about as follows: the right auricle is 
venous, the left auricle arterial—both open into the incompletely divided 
ventricle by separate openings. The blood from these two sources is 
segregated in corresponding parts of the ventricle, and when the ventricle 
contracts, the incomplete septuni touches the ventricular wall, isolating a 
part of the venous blood in a sort of right chamber of the ventricle. The 
venous blood is expelled through the pulmonary artery, mixed blood is 
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sent out through the right aorta, while the left aorta is purely arterial. 
This is again the same scheme as we found in the mammal and results 
in the head receiving a better quality of blood. 

Experiments were performed on three species of turtles to ascertain 
if this condition prevailed. The plastron removed and the heart laid bare, 
a double ligature was passed through the transverse pericardial sinus 
and arranged to tie one at the distal, the other at the proximal edge of 
the sinus. Next cornstarch granules suspended in normal salt solution 
were introduced into the auricles during diastole; the auricle allowed to 
contract, giving time to have the distal ligature ready to tie off; the distal 
ligature was tightened during ventricular systole and immediately the 
proximal one—isolating three columns of blood in the three vessels. These 
were bled separately into watch glasses containing dilute acetic acid and 
examined for the granules. It was found that granules injected into the 
right and left, and in both auricles simultaneously, were always recovered 
from all three efferent vessels. It must also be remembered that in the 
turtle the fetal circulation is not unlike that found in the fetal bird—the 
posteaval vein conveys the oxygenated blood, and if this segregation of 
blood occurred as described in the adult, the head would receive only 
venous blood. This objection aiso holds good in the Crocodilia, where, 
according to Wiedersheim (6), the condition is as follows: “The blood from 
the right ventricle passes into the pulmonary artery as well as into the 
left aortic arch and, according as the septum ventriculorum is complete 
or incomplete, is either entirely venous (Crocodilia) or mixed (other rep- 
tiles). A complete septum ventriculorum thus appears for the first time 
in crocodiles, in which, consequently, the right ventricle contains unmixed 
venous blood and the left ventricle unmixed oxygenated blood, although, 
as will be seen presently, an admixture takes place in the systemic ar- 
teries.” Again, according to this scheme, the head will receive a better 
quality of blood because the carotids arise from the left aortic arch, but 
again the objection as to the manner of transformation from the fetal 
crocodile to the adult crocodile heart would arise. This form certainly 
needs careful investigation. The purely venous blood would far exceed 
the purely arterial, and the mixture at the foramen of Panizza might be 
very complete. 

The amphibian circulation is naturally described on the basis of the 
segregation of blood and must therefore fall into two classes, the anural 
and the urodele. The description of the anural circulation is delightfully 
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exact and comprehensive and is as follows: “It will be perceived that the 
blood poured into the right auricle is mostly impure or venous, that poured 
into the left fully aerated or arterial. When the auricles contract, which 
they do simultaneously, each passes its blood into the corresponding part 
of the ventricle, which then instantly contracts before the venous and ar- 
terial bloods have time to mix. Since the conus arteriosus springs from 
the right side of the ventricle, it will at first receive only venous blood, 
which, on contraction of the conus, might pass either into the bulbus aortae 
or into the aperture of the pulmo-cutaneous trunks. But the carotid and 
systemic trunks are connected with a much more extensive capillary sys- 
tem than the pulmo-cutaneous, and the pressure in them is proportionately 
great, so that it is easier for the blood to enter the pulmo-cutaneous trunks 
than to force aside the valves between the conus and bulbus. A fraction 
of a second is, however, enough to get up the pressure in the pulmonary 
and cutaneous arteries, and in the meantime the pressure in the arteries 
of the head, trunk, ete., is constantly diminishing owing to the continual 
flow of the blood toward the capillaries (sic). Very soon, therefore, the 
blood forces the valves aside and makes its way into the bulbus aortae. 
Here again the course taken is that of least resistance; owing to the 
presence of the carotid gland the passage of blood into the carotid trunks 
is less free than into the wide elastic systemic trunks. These will there- 
fore receive the next portion of blood, which, the venous blood having 
mostly been driven to the lungs, will be a mixture of venous and arterial. 
Finally, as the pressure rises in the systemic trunks, the last portion of 
blood from the ventricle, which, coming from the left side, is arterial, will 
pass into the carotids and so supply the head.” 

It will be seen on critical examination of this scheme that several 
points are open to argument even if we grant the segregation of bloods in 
the spongy ventricle: 1, the element of time; 2, the mechanics; 3, the com- 
parative anatomy ; and 4th, the experimental evidence. 1. The frog’s heart 
under normal conditions beats about 60 to the minute with a ventricular 
systolic phase of about 0.2 sec. Now if one reads the description, bear- 
ing in mind that the whole process is completed in one-fifth of a second, 
and that all this is inferred in order that the head shall receive a better 
blood supply, one is tempted to hold one’s breath. The time is short and 
much must be accomplished. If the blood in the systemic arteries is being 
forced toward the capillaries, what is holding it back in the pulmo-cu- 
taneous and carotid trunks? Again the regulation of the valves and re- 
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sistance to the flow of blood must indeed be very minutely adjusted to 
separate the venous from a mixed and a mixed from an arterial blood 
issuing from the same opening with say, one-fifteenth of a second to accom- 
plish each phase. 2. Further the tracings made by Gompertz show that the 
blood reaches the pulmo-cutareous and aortic trunks at the same time and 
under the same pressure. Stili further the inspiration in the frog in- 
creases, not decreases, the intrathoracic pressure and would retard the 
pulmo-cutaneous system, and it has not been demonstrated satisfactorily 
to my knowledge that the capillary system of the pulmo-cutaneous vessels 
is actually less developed than in the systemic area. 38. The comparison 
of the various types of amphibian circulation is of interest. Bruner (1), for 
example, makes the following statement: “The fact that the septum 
atriorum disappears wifh the lungs indicates clearly that in the sala- 
manders with lungs the septum performs a certain function which becomes 
superfluous or impossible after the loss of these organs. This function is 
the separation of the venous blood of the right auricle from the aerated 
blood of the left auricle. But what is the significance of this separation 
if the two sorts of blood are afterward mixed during the passage through 
the ventricle and conus? Or is there, after all, in salamanders with lungs 
a partial separation of the aerated and the venous blood in its entire course 
through the heart? Such a separation occurs, as is well known, in the 
heart of Rana. Now as regards the atrium and ventricle, we find essen- 
tially the same structure in Salamandra as in Rana. It is true that the 
septum atriorum in the salamander is perforated, while in the frog it is 
not. But during the brief stay of the blood in the auricles the small per- 
forations which have been described would permit little mixing of the 
blood. There would be much better opportunity for this to occur in the 
ventricle, but here we have the same spongy condition in Salamandra and 
Rana. So far then, Rana does not seem to have a decided advantage over 
the salamander in respect to the separation of venous and arterial blood 
in the heart. We may therefore conclude that in the salamander, as in 
Rana, the first blood passing from the ventricle into the conus during the 
ventricular systole is chiefly venous. In Rana this is directed into the 
pulmonary artery. In the salamander, however, the structure of the 
conus does not indicate that it could influence the direction of the blood 
current. We must turn, then, to the bulbus arteriosus and the great ar- 
terial vessels for further light on our problem.” ‘The spiral valve of the 


ralamanders can have no control over the direction of blood which passes 
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through the conus.” Preceding this Bruner states: “The conus of the 
Salamandrina shows the same general structure as that we found in the 
conus of the Salamandra. <A spiral valve is distinctly recognizable in the 
lungless form.” (Salamandra has lungs; Salamandrina has none.) 

This point in the comparative anatomy of the amphibian circulation 
I hold to be an excellent objection to the described course of the blood 
through the frog heart. 

4. Experimental evidence on the amphibian circulation leaves much 
still to be done. Mayer found that if the tip of the ventricle was cut off 
the blood issued in two distinct streams. This, in addition to the colora- 
tion in the beating frog heart, seems to hold for a segregation of the 
venous and arterial blood in the spongy ventricle. But Gompertz’s experi- 
ments also seem to indicate that even if this be true a mixing must occur 
in the vessels. 

The step from the amphibian to the class of Dipnoi is not a very great 
one, and still we find something which may throw light on the character 
of blood circulating in the fish. According to Wiedersheim ‘in Ceratodus 
the conus arteriosus is provided with eight rows of valves and begins to 
be divided into two chambers. In Protopterus this division is complete, 
so that two currents of blood, mainly arterial and mainly venous re- 
spectively, pass out from the heart side by side. The former comes fiom 
the pulmonary vein, from which it passes into the left atrium, thence into 
the left portion of the ventricle, and thence to the two anterior branchial 
arteries. The venous current, on the other hand, passes from the right 
portion of the ventricle into the third and fourth afferent branchial ar- 
teries and thence to the corresponding gills, where it becomes purified; it 
reaches the aortic roots by means of the efferent branchial arteries. The 
paired pulmonary artery, like the corresponding vessel in the crossopteryg- 
ians, arises from the fourth efferent branchial in Ceratodus, and from the 
aortic root in Protopterus and Lepidosiren.” 

There appears to be a physiological flaw in this description unless the 
fish blood behaves quite differently from that in other animals. Under 
the assumption that the blood in the fish becomes fully oxygenated in its 
passage through the gills, the blood carried to the lungs from the efferent 
branchial artery would already be charged with oxygen, and in this case 
the lungs would only be functional when the fish is hibernating in the 
dried mud. Under the assumption that the fish blood is not fully oxy- 
genated in its passage through the gills, the lungs would be accessory to 
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the gill function. In neither case would there be any physiological reason 
for the separation of the blood issuing from the conus. If the gills in the 
fish do not entirely oxygenate the blood, and in some fish the fins apparently 
assist in oxygenation, then the fish blood really corresponds to our notion 
of ‘the mixed blood” (not fully oxygenated) in the higher forms. Here 
again is a problem upon which no definite information may be given. 

In conclusion, my position on the quality of blood circulating in the 
arteries of the vertebrates is that it is what may be termed “mixed” in 
all forms from the embryo mammal and bird to the fish, and if there have 
been advanced various theories on the mechanics of the passage of the 
blood through the heart of a given form they have been based on the alleged 
physioiogical necessity for a better quality of blood circulation in the head. 
In other words the systemic arteries convey arterial blood only in the 
mammal and bird after birth. I believe if one eliminates the idea that 
the head must receive a better quality of blood (Sabatier scheme) the 
whole doctrine of the character of the circulation in all forms of verte- 
brates is not only simplified but placed upon a sound physiological and 


developmental basis. 
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Tue [nprana ACADEMY OF SCIENCE. 


By J. T. ScovELt: 


Professional men engaged in almost every kind of scientific work united 
to form the Indiana Academy of Science. 

These people hoped to be benefited by the Association; they believed 
that it would promote scientific research and aid in the diffusion of knowl- 
edge concerning scientific affairs. The people who formed the Academy 
and aided in its development hoped that as the years rolled by it would 
so stimulate and encourage scientific work as to make it an important ad- 
junect to the educational system of the State. 

From the first, in addition to professional work, it has been the policy 
to encourage students and amateurs to prepare papers which in effect are 
reports of work done along some line of scientific investigation. The work 
may be new to science or it may not, but is new to the writer. The stu- 
dent gets the benefit of the work done and of the friendly criticism of the 
Academy. 

Many valuable papers have been prepared on many different phases 
of scientific work. Considerable work has been done by the Academy on 
the flora of the State. Some of the best work that has been done on the 
botany of the State has been done by members of the Academy. The con- 
servation of forests the study of streams and of climate and all sorts of 
geological questions have been discussed in the Academy. ‘There have been 
reports on the reptiles of the State and on the fish that abound in the 
streams. And several papers have been presented on the insects of the 
State. One could not discuss any of these subjects fully without consult- 
ing the reports of the Academy. Several papers that were presented to the 
Academy appear in a Geographical Study of Indiana, and several Academy 
papers appear in the geological reports of Indiana. 

Similar work has been done in Chemistry, Physics, Mechanics, Mathe- 
matics and in other subjects. 

The Academy affords an opportunity for social converse among scien- 


tific men, for exchange of ideas and the stimulus of association. 
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It is in some sense a laboratory where students are stimulated to work. 
the work in many cases counting as credits on university work. Again 
these reports are printed, and so this work becomes accessible to many 
outside the members of the Academy. Again, the Academy has established 
an extensive system of exchanges of publications with other societies, so 
that a large number of valuable publications are accumulated in the State 
Library to the credit of the Academy. 

Various sanitary problems have been discussed and some phases of 
bacteriology and some economic questions have been considered: as to the 
supply of coal, of building stones and of materials for all kinds of articles 
made of clay or shale. 

The list of presidents contains the names of many noted men who have 
done good work in the Academy. And the list of members is large, showing 
that hundreds of people have been inspired and stimulated by association 
with these prominent educators. <A large proportion of the members of the 
Academy are teachers, and through them thousands of young people in In- 
diana have been benefited and encouraged by the work of the Academy. 

The Indiana Academy of Science has been a success. It has accom- 
plished in a large way all that its founders hoped for. May it continue to 


prosper. 
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AN ACT TO PROVIDE FOR THE PUBLICATION OF THE REPORTS 
AND PAPERS OF THE INDIANA ACADEMY OF SCIENCE. 


[Approved March 11, 1895.] 


WHEREAS, The Indiana Academy of Science, a chartered scientific 
association, has embodied in its constitution a provision that it will, upon 
the request of the Governor, or of the several departments 
RAIDED, of the State government, through the Governor, and through 
its council as an advisory body, assist in the direction and execution of 
any investigation within its province, without pecuniary gain to the Acad- 
emy, provided only that the necessary expenses of such investigation are 
borne by the State; and, 

Wuereas, The reports of the meetings of said Academy, with the sev- 
eral papers read before it, have very great educational, industrial and eco- 
nomic value, and should be preserved in permanent form; and 

WuereAs, The Constitution of the State makes it the duty of the Gen- 
eral Assembly to encourage by all suitable means intellectual, scientific and 
agricultural improvement; therefore, 

Section 1. Be it enacted by the General Assembly of the State of 
Indiana, That hereafter the annual reports of the meetings of the Indiana 

Academy of Science, beginning with the report for the year 


Publicati : : F - 
re aad ot 1894, including all papers of scientific or economic value, 


the Indi : 
Meadeae of presented at such meetings, after they shall have been 


Bplence: edited and prepared for publication as hereinafter pro- 

vided shall be published by and under the direction of the Commissioners 
of Public Printing and Binding. 

Sec. 2. Said reports shall be edited and prepared for publication with- 

out expense to the State, by a corps of editors to be selected and appointed 

by the Indiana Academy of Science, who shall not, by reason 

rea of such service, have any claim against the State for com- 

pensation. The form, style of binding, paper, typography 

and manner and extent of illustration of such reports shall be determined 

by the editors, subject to the approval of the Commissioners 

eee of of Public Printing and Stationery, Not less than 1,500 nor 

eeperts. more than 3,000 copies of each of said reports shall be 


published, the size of the edition within said limits to be determined by 


8 


the concurrent action of the editors and the Commissioners of Public 
Printing and Stationery: Provided, That not to exceed six hundred dol- 
lars ($600) shall be expended for such publication in any ; 

one year, and not to extend beyond 1896: Provided, That ais 

no sums shall be deemed to be appropriated for the year 1894. 

Sec. 3. All except three hundred copies of each volume of said re- 
ports shall be placed in the custody of the State Librarian, who shall 
furnish one copy thereof to each public library in the State, 
one copy to each university, college or normal school in the Ee 
State, one copy to each high school in the State having a 
library, which shall make application therefor, and one copy to such 
other institutions, societies or persons as may be designated by the Acad- 
emy through its editors or its council. The remaining three hundred 
copies shall be turned over to the Academy to be disposed of as it may 
determine. In order to provide for the preservation of the same it shall 
be the duty of the Custodian of the State House to provide and place at 
the disposal of the Academy one of the unoccupied rooms of the State 
House, to be designated as the office of the Indiana Academy of Science, 
wherein said copies of said reports belonging to the Academy, together 
with the original manuscripts, drawings, etc., thereof can be safely kept, 
and he shall also equip the same with the necessary shelving and furniture. 

Sec. 4. An emergency is hereby declared to exist for 
the immedate taking effect of this act, and it shall there- Kmerseerey 
fore take effect and be in force from and after its passage. 


APPROPRIATION FOR 1910-1911. 


The appropriation for the publication of the proceedings of the 
Academy during the years 1910 and 1911 was increased by the legisla- 
ture in the General Appropriation bill, approved March 9, 1909. That 
portion of the law fixing the amount of the appropriation for the Acad- 
emy is herewith given in full: 


For the Academy of Science: For the printing of the 


: : 2 Academy of 
proceedings of the Indiana Academy of Science, twelve §eience— 
- Regular. 


hundred dollars: Provided, That any unexpended balance 
in 1909 shall be available in 1910, and that any unexpended balance in 
1910 shall be available in 1911. 


AN ACT FOR THE PROTECTION OF BIRDS, THEIR NESTS AND 
EGGS. 

Sec. 602. Whoever kills, traps or has in his possession any wild bird, 
or whoever sells or offers the same for sale, or whoever destroys the nest 
or eggs of any wild bird, shall be deemed guilty of a misdemeanor and 
upon conviction thereof shall be fined not less than ten dollars nor more 
than twenty-five dollars: Provided, That the provisions of this section 
shall not apply to the following named game birds: The Anatidae, com- 
monly called swans, geese, brant, river and sea duck; the Rallidae, com- 
monly called rails, coots, mud-hens, gallinules; the Limicolae, commonly 
called shore birds, surf birds, plover, snipe, woodcock, sandpipers, tattlers 
and curlew; the Gallinae, commonly called wild turkeys, grouse, prairie 
chickens, quails and pheasants; nor to English or European house spar- 
rows, crows, hawks or other birds of prey. Nor shall this section apply 
to persons taking birds, their nests or eggs, for scientific purposes, under 
permit, as provided in the next section. 

Sec. 603. Permits may be granted by the Commissioner of Fisheries 
and Game to any properly accredited person, permitting the holder thereof 
to collect birds, their nests or eggs for strictly scientific purposes. In 
order to obtain such permit the applicant for the same must present to 
such Commissioner written testimonials from two well-known scientific 
men certifying to the good character and fitness of such applicant to be 
entrusted with such privilege, and pay to such Commissioner one dollar 
therefor and file with him a properly executed bond in the sum of two 
hundred dollars, payable to the State of Indiana, conditioned that he will 
obey the terms of such permit, and signed by at least two responsible 
citizens of the state as sureties. The bond may be forfeited, and the per- 
mit revoked upon proof to the satisfaction of such Commissioner that the 
holder of such permit has killed any bird or taken the nest or eggs of any 
bird for any other purpose than that named in this section. 
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CONSTITUTION. 


ARTICLE I. 


Section 1. This association shall be called the Indiana Academy of 
Science. 

Sec. 2. The objects of this Academy shall be scientific research and 
the diffusion of knowledge concerning the various departments of science, 
to promote intercourse between men engaged in scientific work, especially 
in Indiana; to assist by investigation and discussion in developing and 
making known the material, educational and other resources and riches 
of the State; to arrange and prepare for publication such reports of inves- 
tigation and discussions as may further the aims and objects of the Acad- 
emy as set forth in these articles. 

Whereas, The State has undertaken the publication of such proceed- 
ings, the Academy will, upon request of the Governor, or of one of the sev- 
eral departments of the State, through the Governor, act through its coun- 
cil as an advisory body in the direction and execution of any investigation 
within its province as stated. The necessary expenses incurred in the pros- 
ecution of such investigation are to be borne by the State; no pecuniary 
gain is to come to the Academy for its advice or direction of such inves- 
tigation. 

The regular proceedings of the Academy as published by the State 
shall become a public document. 


ARTICLE II. 


SecTION 1. Members of this Academy shall be honorary fellows, fel- 
lows, non-resident members or active members. 

Sec. 2. Any person engaged in any department of scientific work, or 
in original research in any department of science, shall be eligible to active 
membership. Active members may be annual or life members. Annual 
members may be elected at any meeting of the Academy; they shall sign 
the constitution, pay an admission fee of two dollars and thereafter an 
annual fee of one dollar. Any person who shall at one time contribute 
fifty dollars to the funds of this Academy may be elected a life member of 
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the Academy, free of assessment. Non-resident members may be elected 
from those who have been active members but who have removed from the 
State. In any case, a three-fourths vote of the members present shall elect 
to membership. Applications for membership in any of the foregoing 
classes shall be referred to a committee on application for membership. 
who shall consider such application and report to the Academy before the 
election. 

Sec. 3. The members who are actively engaged in scientific work, who 
have recognized standing as scientific men, and who have been members 
of the Academy at least one year, may be recommended for nomination for 
election as fellows by three fellows or members personally acquainted with 
their work and character. Of members so nominated a number not exceed- 
ing five in one year may, on recommendation of the Executive Committee, 
be elected as fellows. At the meeting at which this is adopted, the mem- 
bers of the Executive Committee for 1894 and fifteen others shall be elected 
fellows, and those now honorary members shall become honorary fellows. 
Honorary fellows may be elected on account of special prominence in 
science, on the written recommendation of two members of the Academy. 
In any case a three-fourths vote of the members present shall elect. 


ARTICLE III. 


Section 1. The officers of this Academy shall be chosen by ballot at 
the annual meeting, and shall hold office one year. They shall consist of a 
President, Vice-President, Secretary, Assistant Secretary, Press Secretary 
and Treasurer, who shall perform the duties usually pertaining to their 
respective offices and in addition, with the ex-Presidents of the Academy, 
shall constitute an Executive Committee. The President shall, at each an- 
nual meeting, appoint two members to be a committee, which shall prepare 
the programs and have charge of the arrangements for all meetings for 
one year. 

Sec. 2. The annual meeting of this Academy shall be held in the city 
of Indianapolis within the week following Christmas of each year, unless 
otherwise ordered by the Executive Committee. There shall also be a sum- 
mer meeting at such time and place as may be decided upon by the Execu- 
tive Committee. Other meetings may be called at the discretion of the 
Executive Committee. The past Presidents, together with the officers and 
Executive Committee, shall constitute the council of the academy, and 
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represent it in the transaction of any necessary business not especially pro- 
vided for in this constitution, in the interim between general meetings. 

Sec. 38. This constitution may be altered or amended at any annual 
meeting by a three-fourths majority of the attending members.of at least 
one year’s standing. No question of amendment shall be decided on the 
day of its presentation. 


BY-LAWS. 


1. On motion, any special department of science shall be assigned to 
a curator, whose duty it shall be, with the assistance of the other members 
interested in the same department, to endeavor to advance knowledge in 
that particular department. Each curator shall report at such time and 
place as the Academy shall direct. These reports shall include a brief sum- 
mary of the progress of the department during the year preceding the 
presentation of the report. 

2. The President shall deliver a public address on the morning of one 
of the days of the meeting at the expiration of his term of office. 

3. The Press Secretary shall attend to the securing of proper news- 
paper reports of the meetings and assist the Secretary. 

4. No special meeting of the Academy shall be held without a notice 
of the same having been sent to the address of each member at least fifteen 
days before such meeting. 

5. No bill against the Academy shall be paid without an order signed 
by the President and countersigned by the Secretary. 

6. Members who shall allow their dues to remain unpaid for two 
years, having been annually notified of their arrearage by the Treasurer, 
shall have their names stricken from the roll. 

7. Ten members shall constitute a quorum for the transaction of 
business. 
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MEMBERS. 
FELLOWS. 

PGR PASO DD Olibs frei ok tal te oe eeu eae PISO: Goce ae es Fargo, N. D. 
15 ae ae aN Rees ey ist )< Wane scree ieee Indianapolis. 
Jase ATG HNEN okie Sis oe aes sone eorote 1894 assoc ss Lafayette. 
DWV DE CMGR ro cunin se. re area te ae DOW rere atten a Ga Bloomington. 
George We Denton. Wa.2 sake hs cele san ee DOs sree «pistes Se Indianapolis. 
ORION 6 te iets - Grd eakene eer tad WRT ecg ce eoatee. eakee Moores Hill. 
Katherine Golden Bitting............. PSOBb ete ae ee tec 2c Lafayette. 
Wao: teareileys 34ers aeons seek (hey ges ep ee Indianapolis. 
Dannidson WOOMe’.. 7222. elo t= MGUY hs Beko este Crawfordsville. 
iene briner: ccf: Ate eee s ety TROOV cay, ote aaa Indianapolis. 
Beveramee UITaoe. > acs case ee EROS. sce ce omens Lafayette. 
PRAWN ORPUUIEY co.» oitins See ato eee oe Oe 1605.45 ee eet ass Indianapolis. 
WieAc WCagsball. >. oe asd ew. toe LQG ee Arm Bloomington. 
i MieLeds MOOG, cot semis see x ak ee ea ae L902 A Aine sor Newark, Del. 
downs Coulters, 2. tou. woe aes 68 ISOS es ikews er es Chicago, Ill. 
Pibatney SE NSULLEN Oe cde oe PS oso peck aha 1B9S. sete tee ee Lafayette. 
EE Che Nace cates kee ere Mee sc A POU BEd tp ere Terre Haute. 
Guenn CUIDSEIaOE s/s. f sanyo eee. yee PEO? Foy Stee ek Hanover. 
Be POPC DIPS Cs oleic ace Poon we es POU <5: cate on seer eae. = Bloomington. 
Fie I DESO ie nfs hs wa gieeeialbv se iia ge Bie Bias i 0 een 3 Cra Bloomington. 
De Wye SINS | Fister ie pe tee oe a 12 3)5 ie ee ee Richmond. 
Mee EVEL y.. sieaiee cixs-cemea eee ae beak LOO swe bee ay Terre Haute. 
Mii Bape 1.6520 wa's'oy che ewes MOOS sce exes Bloomington. 
Perey ‘Norton vane, «200835 os ee are IGOT ees eae Rae West Lafayette. 
Pr GROIEY iad tthe boi cles ti maetrie cares ere LBOF ss eo eens Bloomington. 
Wisgl Aaa e Ts aif niaa wk « dike eare ie ad ee USO; is. Ua eisciee ei Lafayette. 
AVENE MOSH icin diag eres Sct Dake ont Maree PROS. ents Soe pee Urbana, Ill. 
Thomas Gray (Died Dec. 19, 1908)..... 1S98 Sir cee cope Terre Haute. 
ASO MtAWAY: 6s s\.5 =o one we pas ee MOOG. ia fez. aoe an ay Terre Haute. 
Gipciteregth: tives oa Manes ioe cose LS. 1? ie a Se Lafayette. 
Pea DeriseRler sss wears ss clea oom LEO Sesh eee ta a Logansport. 


*Date of election. 
t+Non-resident. 


SP PAE ELISE GI a5 scaisca StS occe viahelos oe ae FSO St tert isos ck Baltimore, Md. 
Hodwin S. Johonnatt 2.0... 2... e eens 1904 x2 JnGcoasiaes Terre Haute. 
PRET OM LVOURserarsfor- 5 sods eels ocr ciel ee SOG. 3 Sina some: Bloomington. 
ROMA CE MOBCGD. 1. ec ers cae ve ov Bisel MOOS Bie a Rane eae Terre Haute. 
WW [ROME eer a re ROBE oe degra ees Santiago, Chili. 
BCC Sie ot versa e ea ees eae SO 4 det the Desens Terre Haute. 
Tole, CALE NIN Cg SR ae dec eo BGO A ie vesmnict phys Swarthmore, Pa. 
ede Moenkhaus’ 5 .3..5 scence a eee « NQON SSCs sek aegis Bloomington. 
PMO MIGEGICT.. ec cir se oe baleen ee cel T8932 Fas Batter Bloomington. 
ls LES INN 7G a ae ae ee Se ae LOOS Seis «ie ct Nemes Greencastle. 
GRP CMINOVES:. (eu - oem ae shee eee nee SOS) rss crane weer Urbana, III. 
PeMMtBl A AMSCY: c..< Ge mk. are teenste 1OOGs nok see sae Bloomington. 
EIPECANISOWL 0 oa. one vee Sac dees 1QODe Rind eee eet Lafayette. 
HOM eeRGUUPER Vcc). ore asec cis olen eye we ens PSO GE c%5 setae: Terre Haute. 
anerVOLMTOCK: «28.0 cence ot eG ee ves 90 G ees, crie eeae Bloomington. 
Mem COVEll athens eGov orca hase ee oa a8 TINTS: SO oe ale cee Terre Haute. 
ie NOCH ETS TOT Re AUR Cae oe BOO Rore nan degates ed Lafayette 
111s SSIs) Oa aR ae ie Pm USGS heey seer: Chicago, Ill. 
Ree OUONE Ts. \fine ccc cits ot oa cic ae » ea ROOD cute cette hens Lafayette. 
(hu! DES, CLOWNS NCE tee aa ee PSO SAT Area tcies cas Swarthmore, Pa. 
IRB GTNIAS 5 oh sc.ger< ont store Sale basen 8 1 c\o Bene 1 Serene Crawfordsville. 
ie PAM SLGO sy whe cic. fo shers aisle aacd Spe ee 1 S10 Fee a oe ate St. Louis, Mo. 
pap VOM COSC S's Ch wie ate an ay shea mene BSOAT, oc.2 Soin ocnue = Washington, D.C. 
BScomAVestluinds 5.2 fois. tee eee d LODE. Shoes ack Mee Lafayette. 
iM mV O ian. roe. sass ahevedive # exons Dee SOs ore whan cbehs oi sist Washington, D..C. 
BNP WUOGHED Scien aged ts wal eo NOOSE soak cates hee: Indianapolis. 
pees SIV PI CG dy SE ae poe a aint DSO4S chet on ceits Indianapolis. 

*Date of election. 

tNon-resident. 

NON-RESIDENT MEMBERS. 

PEO ROerl a Ashley ere re sone ote eccs ahder ee ieee Washington, D. C. 
PEEPS CANIM ET a ars oc sk Soh ak eS ge ss ela eave Stanford University, Cal. 
lei, Che TBARS CTY GT aay es ie ag ae ae aan Grand Forks, N. D. 
PBA C amin ella snes wees st. ere ey a eo Sales Stanford University, Cal. 
3... VV GIES PSE gee apart Peicaet > aeeaErge  ar Washington, D. C. 
VAL, TED 0 2 a cape a Rr a a a Urbana, Ill. 
APAVWilimers ities ree eee eel wid acted ate eae Worcester, Mass. 
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VE ENV ETIMAN Ec oacs esd Soc he Seto eoken reeata ae Washington, D. C. 

Wie cAteHiinkGco8 o> Gata al Sev eine CRN re ae ie oes Los Angeles, Cal. 

(Co We Garretts co5- 508i as. orion Ser ee eee Pi tsburg, Pa. 

Wirstle: GE Gu beri. oc cine onion nS eee Stanford University, Cal. 
ON EPRTICS SB Ais aca oh eee eT eee Columbia, Mo. 

Cai itrfaibic. acta an aticiae cota aks Saree yr Syracuse, N. Y. 

Ope ete fas fiche oi ne xk gave ie cence el ee Washington, D. C. 
Pitas Ee phes. 425 a. 2 sebelah ee Stockton, Cal. 

OP loubine! Son Fk ac So ee one eee Oo Saree See Stanford University, Cal. 
ih. 0E MRT: oo. VAs cys os Po eaere mee epee eA hee Urbana, Ill. 

CBS SM (57 i ee ee ROM A Merten es. Xo hoy Stanford University, Cal. 
‘Gt SBE Cte Ae Mia Meee ee, Heke ich ae icp wre reek Tufts College, Mass. 
ase TA so Lissa oe eee ee ee Tucson, Arizona. 

Be eM ablet scat aoe «ne Oe Se Batts SY eo elem eer Valley City, N. D. 

es Mencen hallo = seste. Pras ok Verena ee Ree Worcester, Mass. 

ToS CRAM Nin 3.00 UE wee © 6 Oe yee ae ate ola Stanford University, Cal. 
AS GEE MP MITENTE:, (i 0, 6 cats aoe 0 Re Oke a So eo oe Fayetteville, Ark. 

J gp ESO ce TO We pick Orr, Minn. 

dehy Slonakor! oo 55 2) bw on ss 188 bee weer Once aN Stanford University, Cal. 
irom euARGED AG cree nls fa vi odie Set eae ele Cincinnati, Ohio. 

Robert B: Warder (Deceased). . ..5... cscs. s 8 os Washington, D. C. 
TESLA EN Soar os, as reas. gb Yoana be sey ones Fayetteville, Ark. 

cree NEARING Sal att eh SA Sono ea Peat ae Bee melo aca ae Fayette, Ia. 


A ARIE win to oe hs oe: ok. 15 fe vergence Ale aoa etsy ocd Delphi. 

Ee Be ROH Roane oeei ote th ete phi eae gt aetna West Lafayette. 
Ele, Wy Se ATIGEOOTLS arc fins be oaks enh ee ers eee oe ae Ladoga. 

A) AUER Ae vio hs 3s As whe dy dade, sleep renee trate Crawfordsville. 
EWE Eee oe. a vc 'Go.> brates Aaa iy oles Ene Soe San Francisco, Cal. 
ibe), seer oes ons eee oe pie a Bee ee Indianapolis. 

iV ES rl Me 2 eg oe RE CRS I, cette ed eat Sc st Red Key. 
Bdward Hugh Bangs. 2.628 aon kee eels Soe amt Indianapolis. 
Elgrvepiiel sis see sna ako cp a wee see me oe eS Greencastle . 
ERO eT HST cy de oid la Aes a ets atin ee Oe ok pane ok Indianapolis, 
jag 8 el) eas eS ot oP a ers West Lafayette. 


Grantee Cee ak cite c Cornet 28 Lenin oo eet ee cas Indianapolis. 


1, 
MBE BENTO Geet ee Ret ns SHR Lee ae lacus eee Valparaiso. 
1 EUDITTDSIS BT iat ea RPP a ea West Lafayette. 
Eiri Poridve BIshOp ss eile sd tidia tee sod eS ahe ao dp Indianapolis. 
“lesan Elinyg es ae Ds ee i oa Ste aa Bloomington. 
Re eaROMINC PAATCHAEO. 26°) fe.ci0.oc2 tk oe ob sede os Oe Greencast’e. 
S705) {Sid BYE 07 bagi ag a ie Richmond. 
MPMI MICO te os tt a ee ecayiin Sars aigvavo ale os Edinburg. 
MAEMO VEO ees, eS CAEL ies eee Ss fbn eae Lebanon. 
Pie PSEHECON: 2h shee «Acces eee nee dee meee Bloomington. 
Mp MrICe 7 ORME Hae nen cs SA Mae aoe Lafayette. 
Dae eS MOSSEM ATTN, fr, che Sect ec iast7A = aeefe ace els bese ae es Indianapo’is. 
RVIMRESEM GCE nets Se hse tec iden Fads 2.5 0 oS pee ele Terre Haute. 
“Ti, LY “TBS eS ee ia arog eo Indianapolis. 
Re mRGe Nel AMIR Re Bate clack ad aie k OOS dace, te oe ee 2 Indianapolis. 
Vo), LSE Pe CT ga 51 ele ele eae an er ar Indianapolis. 
Wewrsy Olinbona@arsonors elca toes osc ce emis oie ceseceas Detroit, Mich. 
Herman S. Chamberlain (Deceased)............... Indianapolis. 
PUIG TEMAS eos ony teers cit tes eae ee ees oe | Bicknell. 
JN. Sto: Nye) V6 Face deme as eames ets ane eae ae Kokomo. 
(Ce, Til, (CUTEST A sas ite Aa A elie ce or Seg ne Cincinnati, O. 
ily Bin (CIN RRR IS Se henna eget a Roel Ree or ea Connersville. 
LOMO MOLENGOM ghee Sette oi Nate ote a rh ba eae ae Portland. 
EMILIO at en RO a tek hn he oN ek a eo Monroeville. 
Gheamless@lickmoneynrcw cote eee. ceee a casa eae ee Silverwood, R. D. No. 1. 
BAe PAM, COLLEY See ee ere Sore oo PS Soy he ad DES oe eal & Petersburg. 
Sypllsamn Clittord COX sc he. s Panett dee dnd os Columbus. 
Meee NEMO LAC MV AL oy, ae © ees 2G eset tuaisigrew Ae Oss adios Crawfordsville. 
ily LER GHGs ee aa oa Franklin. 
Nera LU CoN eat e100 ge ee ae a Indianapolis. 
RGEC EL PIATIOIS: cyan a wie Nise s ate Doug es Hee Laporte. 
EM MPROAVIS Sc hodin sje ki rays < tiakicolaa he oles ated sichd whe ae e's West Lafayette. 
“Lg SST DEG eens pele ane et ea eee eae Terre Haute. 
Dare eRPE SLO, UMC reins ena oor tee ene aie ne Se Indianapolis. 
EPe Vina DeGiinm rite arth tates oe ici) veces cms oe Frankfort. 
=p Eee TE, De nari ae A Ae a Indianapolis. 
PeeHeom iionds os. seeks ss Se See a es es oes Indianapolis. 
oS PLTTUT SLE ie oy ee ie Westfield. 


EPMA ete erat. pba nao t ee oe wee ae Syracu e. 
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Hansen: bc A-isse, tee <b 2 eee een ere Indianapolis . 
Arpnarik DONE feng ee eet oas oo eet hoe 5 = .... Logansport. 
Herbert ks Wun 5 < teohs ond eee a ee een eee Logansport. 
Nels arbi. oo icdg. emia he ook eee ee ELE ae ae Anderson. 

EF tes PAUL CHEE 32 0s a eee ee eas ae RS ecco s ee Philadelphia, Penn. 
Sane te. Warp. 6 iii cnc. teres Se eae ee eh ee ac tenes Indianapolis. 

LAG Oa D1 SSS baa eh es eh er ea Si es SITES re TE Nowata, Okla. 
Se IETS oes. ent De oe oe teen 1 eae Indianapolis. 
Wate Werner Migs 2255 ge pis rae eee eee Vincennes. 

eee BINGEI Bs); tvs aati da tote eeu oon © ee a West Lafayette. 
parvel Ge HVANss «oe cutie dons se ees ve ore Evansville. 
Witham. Welyer, ot) .2n5eenconwes scheme eas Logansport. 

Rep INGE oe ix 2h ss Cain HEROD Fig elec ee RE Crawfordsville. 
EAE HISTOR = 2 aie Anes ae gros + See Rees West Lafayette. 
1 Fags Bas 0) 024) eg ee a REPRE ERD Py cre a. ee ete eae Linden. 

RITA aE. = Pte osc rccrae Givi eee ey ere tee Maree Jeffersonville. 
Tom 10 Crabel «if o.: ses 5 sae ss eee ee eis oe OL Manno 
Jory Gray fa) ead Cha |) (eee oe EO eR oe Scr ae fee Logansport. 

Pip eo Geri. & ; Sede ae aes ge Ete oe Indianapolis. 
MMA EMIEE, “io AES wa hiv as aa oe ee a Crawfordsville. 
HVGrenPe AG HP iste. 028 oxo ug 2 oie ee ei eh Wabash. 

eA SE Des AUNT IAD ec eS oie kent eas Say A ee Terre Haute. 
PSOE 9 Se itaa tcp Siva Te Sk Lila areys nears hele Brookville. 
Hirederic aw eno buen» 4 sere ts <s,.)>-woe-bert es atom Sas Nat Morristown. 
icratcats Sane pel og hare a AS Adi cid W Nias mo, yocuaat ee Rochester. 
Binnie Cook Greene noi. dog ad 0a cen oe koe ete nee New Albany. 
a eg 0 ae ee ee Russellv lle. 

WV LCEOE DEEMED S ote o ers tc hat, boa lle alr canmla’s areto oe Springfield, 8S. D. 
GAT SEPer IS 5 26's atch isan s Gals Poe he ee ee West Lafayette. 
Misty: Se EL RST GNA 5. Pesach pi AM bats wie a, « IS ate Peer ee State College, Pa. 
Wy iter (WN ott 20a oes ee tk becca ae cere Indianapolis. 
Waebor® EICHRIeS som Mckee S le eee arly winter a wake Cay St. Louis, Mo. 

| igs SoA Sot ee Ca Ree ea er Te, See eae ee eh Crawfordsville. 
Jalan P. Hetheriip oie ba. jase ie Oo. -Roeleie a as Logansport. 
CPG ABEL hee ete eet SPs in ee eee Philadelphia, Pa. 
Sohn Ey don AA cates as Pale BS oe Sas a wel Indianapolis. 
APrsurthc EP RELIG PIO 0% o-X 0) pho aro no a As « "Sta | Terre Haute. 


STAB Glia bnlandsinn 2c ce tk La ance ae eee Madison. 


John J. Hildebrandt 
Geo. N. Hoffer 
G. E. Hoffman 
Allen D. Hole 
Lucius M. Hubbard 
Martha Hunt 
O. F. Hunziker 
John N. Hurty 
Roscoe R. Hyde 
J. Isenberger 
C. F. Jackson 
A. G. Johnson 
H. E. Johnson 


W. J. Jones, Jr 
O. L. Kelso 
A. M. Kenyon 
Frank D. Kern 


Richard C. McClaskey 
T. 8. McCulloch 
N. E. MeIndoo 
Edward G. Mahin 
James E. Manchester 
Wilfred H. Manwaring 
William Edgar Mason 
Clark Mick 
A. R. Middleton 
G. Rudolph Miller 
F. A. Miller 
Chas. R. Moore 
Geo. T. Moore 
Richard Bishop Moore 
Frank K. Mowrer 
F. W. Muncie 


sian eke eaibsMiaiohian i= ‘sh mlisile \aite \@ (oliep'ny 6. eis ie s,s) ee) als 
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Logansport. 
Lafayette. 
Logansport. 
Richmond. 
South Bend. 
Indianapolis . 
West Lafayette. 
Indianapolis. 


Terre Haute. 


Durham, N. H. 
Lafayette. 
Greenfield. 
West Lafayette. 
West Lafayette. 
Terre Haute. 
West Lafayette. 
Lafayette. 
West Lafayette. 


Indianapolis. 


Crawfordsville. 


West Lafayette. 
Minneapolis, Minn. 
Bloomington. 
Borden. 
Indianapolis. 
West Lafayette. 
Indianapolis. 
Indianapolis. 
West Lafayette. 
St. Louis, Mo. 
“ndianapolis. 
Marion. 
Crawfordsville. 
Terre Haute. 
Bedford. 
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@harlessh eNewlitiven cote oases ae Ree sae enna Indianapolis. 
Pi pAcwNicuwland «oct cates. eke we enone eee ee foe Notre Dame. 
CBRPOOSTICES, on REY. alae ett: Sete, SAR eh ASO ee aia eee Crawfordsville. 
ae Abe COhnuentiews; 6 ete ve Meee ae eRe edict ice citer Franklin. 
Biveretiv WonOwell.aesa oo seo Sele edie ener eres Indianapolis. 
Werman. by Pickett, 2905-2 acces shee sacra Bloomington. 
RGMORIMbIOnCer ss ones | ee oils warn ene ae oe Mie ees Richmond. 
Rial br Polk 92 fe eh cats ay hee ee Pete cea Greenwood. 
TAMMES PACE TIC 4s ete t eS ae ceteris arc etereie ee eee Ft. Wayne. 
WW PRieN, MEVanIMRCIIN 5 orc, Bs om ities ae ays! Sia ckene- lara Ithaca, N. Y. 
OMAMReddion’! (6 sir lse ee ote core oes Se gue ane Crawfordsville. 
eeaneilly tose of Sane Niararaae Sere Miotcko a ene Ohare Syracuse. 
Milena iieyNOMdse. see = dager Saar seer = 

epee We ROWErtSs 2 sn <a tes eid. sete mee Sas oe < Lafayette. 

RRS I Trai NE eee ae ee ee ee Oe Mc eed ea Crawfordsville. 
PACS CHULEZE? One tre ss oA ae ee eo Wane oe Laurel. 

MCS CUD bok So Rae is ee eee Leeman earn c Bloomington. 
ClarlES Ny TA sO cc) esas lone oe ata aye ee a ee Brazil. 
ecupoilleny <0 his 8.5 Saye. e cs < ainaoears leiaie omer rere Indianapolis. 
REY eit VER Se MEE ee ae si see win egies ata W. Lafayette. 
RE rpebiS My. rete Sey he ie od se ee oe Logan, Utah. 
Egsie Alma Smith Shannon............02..2..2.4> Bloomington. 
eee NTT GM cae, ste a ela ot of orto ee ee ape es Indianapolis. 
CCD TGZEE Here vere ts ort il Sk is ple es ce ee Lafayette. 
IBTETICOMMMMSTECLO Mires mice Acie fora cute. sete chase Pullman, Wash. 
WHTRAU SHC ters cor naar tees oe gi cote ein teeny o- South Bend. 
NG OCU AT Cre eae oi a en oe bis ieweuls Siete ew tel Soe 

DVetre eS RMELTT eM yee Goh Sy creates e eactaitola crate Indianapolis. 
NV ERS DUUEUGE SG Atk eke onc ccc tawl se sutee ise, & Lafayette. 
Meer ip vlan se mee ole doe SMe ws areca, WoW aw ete Hye Logansport. 
Ve Syrah yh el Ate 0) (0:0 eg A Se aie race Owensville. 

PACS TOI AT UWA OI igh Suet ae a eR es Rae ec er RR Indianapolis. 
Arges DUG DOG. (MISS): ecor5crstsl= s-seisisy swe oy ete mss Greencastle . 
WU UIRHeR oder ok Walton ae ec le ie, so ustone neiy oD eters West Lafayette. 
Cee pe eV AACE ee ete a yet Se coe a cients ae ge gee Indianapolis . 
Vicpels SSE np 0,0) kaa a PENe re Bien SE I REPO oe Bloomington. 
WUTOE VG GEER eh. een tats cha c leit weleisp aratg Lyons. 


LRSM NNER ak. cate WE Sect ratete toee > Biava eenerl It. Wayne. 


Si ireat Raby ay8 VW RCL GY 025 toc: ay sae sate de cue sibel ones ava, ausnaiteualiete Indianapolis. 


“ull LaveTel Oba N12 2) Fe i oa cre West Lafayette. 

PIP A VVICCIIIS?, 8 Pts 0/5 co's, vrais eearols, «Pade Getta eth t Valparaiso. 

To picivell “NSN /2 1 an ees 0 Po ee ane ge Indianapolis. 

SMM SBE SAVVY BING 25 ok eect 5 oe aa Ole m=, Vin msteme ene gucba se So 2 Indianapolis. 

RESO NVINECIET vrcteie sic hoy ete oyord A ccd Paleve wows Sea Bh Montmorenci. 

PPCM WIHTGGN coro stcetals ce Wee aise Lieve. 5 Sate aoe ees «eH Connersville. 

PREC WIANEK ONS oac3 0 Yet Hees s,rct abe hea eee Lafayette. 

Prartnretrine ls WV OOCDUTI.,. ae m4 <5) yore ie 08s qeteye,s wile Gere Bloomington. 

PLaMhERIN Vee NV OOGIRATIIG. 55.25% /s5 0). 5% G's are tls eld alee a rere eee Indianapolis. 

itenbergaMilton Woollen... 000s. 08a. eeele es Indianapolis. 

PEE MNIO OLS Ais orien Ese vee et wee ae SG Cleveland, O. 

MONI Air a iSiod a ohio Naeln se ae eee eae s West Lafayette. 

=HEHEID TEN COIN CASE ean Pun eno eeaeeae Weare res are ea Huntington. 

rE RACING Stearate ny | cer ocala Ed wd Smee oad ick eeu West Lafayette. 

PEMD O UII igh whalicad ails Kiel ai cus afetete «sv aidte Da Slee Washington, D. C. 

NGTTCiygmN(GU SE rh pater ss) each aay teen te oxen s Soe ale achat Reece Terre Haute. 

Pert HO MII aes a6 ines Re) oats wielns weld eeed ale West Lafayette. 

iisticeeAclen ves). <stiraibe Walser ns Clee ba asta aeiee Bis Urbana, IIL. 
Hellowsamesicl ema seg tia casera es lets) oa eit. cratus nO cleats) so aa meee 46 
Jeli SFSU Ze) aye een ia RR UP ene eee 12 
IMEmMbEerS wa CLIVeleme ted aac. stol ae nee ee ost sisiaa es teinistenaaie 183 
MGE PETA MON CesIMeMity, ac Ko skerons sel RS co oke, eel Sells, Haus wwe 30 


POUR Ae ee Se a ea NRE I PN Rae ee Ca ate 271 
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THOMAS GRAY. 


Dr. Thomas Gray, a member of the Indiana Academy of Science since 
1888, was President in 1897-8, died in Terre Haute, Ind., December 19, 
1908. 

He was born in Lochgelly, Scotland, February 4, 1850, received his 
early education in the schools of the district and, after serving an 
apprenticeship in handicraft, entered the University of Glasgow, gradu- 
ating from the Mechanical Engineering course, with high honors, in 1874. 
After graduation he became Research Assistant to Lord Kelvin (Sir Will- 
iam Thompson). His work lay especially in the direction of absolute 
measurements in electricity and magnetism, electrical and heat conductiv- 
ity of glasses of various compositions and the variation in conductivity 
of metals under stress. In 1878 he became Professor of Telegraph Engi- 
neering in the University of Tokio, Japan. While there he became in- 
terested in earthquake phenomena and invented several seismographs and 
investigated the elastic constants of many rocks. In 1881 he returned to 
Scotland, becoming Lord Kelvin’s personal assistant, undertaking investi- 
gations in connection with practical problems in electricity then coming 
to the front. He developed and investigated methods for electrolytic 
measurements of electric currents and largely designed the well known 
Kelvin balances. He was Lord Kelvin’s and Flemming Jenkins’ repre- 
sentative as engineer for the Commercial Cable Companies and _ super- 
vised the laying of the Bennett-Mackay transatlantic cables. In 1888 he 
came to Terre Haute, Ind., as professor of dynamic engineering in the 
Rose Polytechnic Institute, which position he held until his death. His 
investigational work was bow mainly of an engineering character, too 
well known to recount. He was the author of several important works, 
the best known perhaps being the Smithsonian Physical Tables. The 
articles in the Encyclopedia Brittanica on telegraphs and telephones were 
from his pen. He also edited the definitions in electricity and magnetism 
for the Century Dictionary. He was the author of about sixty papers on 
scientific subjects, communicated to engineering societies and scientific 


journals. He was a member of most of the American scientific and engi- 
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neering societies and held high offices in a number of them. His interest 
in the work of the Indiana Academy of Science made him a faithful and 
regular attendant at most of its meetings. On the roll of American and 
European scientists, his name stands high, and his contribution to science, 
as well as his work in the educational field while in this country, has been 
of the highest order. 

Be it Resolved, That the Indiana Academy of Science recognize the 
services of Dr. Thomas Gray as investigator, experimentalist, teacher, and 
loyal supporter of the Academy by placing these resolutions and a sketch 
of his life upon the minutes of this meeting and print them in the volume 
of Proceedings. 

The Committee: C. L. MERS. 
A. W. BUTLER. 
G. W. BENTON. 

Adopted by the Indiana Academy of Science, in session in Indianapolis, 

Nov. 27, 1909. 
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W. H. RAGAN. 


W. H. Ragan, for many years connected with the United States De- 
partment of Agriculture, and who recently died, was one of the charter 
members of the Indiana Academy of Science. He was one of that com- 
pany, of which a number of members are here today, who were present at 
the first meeting. At that time he was a member of the faculty of 
DePauw University. He has had a deep interest in the progress of science, 
and especially in its application to horticulture, to which line of usefulness 
his life was devoted. 

We make a tribute herewith to his memory. 

The Committee: C. L. MEBES. 
A. W. BUTLER. 
G. W. BENTON. 
Adopted by the Indiana Academy of Science, in session in Indianapolis, 


Nov. 27, 1909. 


TWENTY-FIFTH ANNUAL MEETING 


INDIANA ACADEMY OF SCIENCE 


CLAYPOOL HOTEL, INDIANAPOLIS, IND. 


NOVEMBER 25, 26 AND 27, 1909 


Officers and Ex-Officio Executive Committee 


A. L. Fotry, President A. J. BiagNry, Assistant Secretary 
P. N. Evans, Vice-President G. A. Appott, Press Secretary 
J. H. Ransom, Secretary W. A. McBeru, Treasurer 

GLENN CULBERTSON STANLEY COULTER 

Dayip MortTiER Amos W. BUTLER 

RoBERT HESSLER W. A. NOYES 

JOHN S. WRIGHT M. B. THOMAS 

C. L. MEES J. C. ARTHUR 

W. S. BLATCHLEY O} BS Hay 

H. W. WILEY T. C. MENDENHALL 

D. W. DENNIS JOHN C. BRANNER 

C. H. HIGENMANN J. P. D. JoHN 

C. A. WALDO JOHN M. COULTER 

THOMAS GRAY Davin STARR JORDAN 


The meetings of the Indiana Academy of Science Thursday evening, 
November 25th; Friday, November 26th, morning and afternoon; . Satur- 
day, November 27th, morning; and the informal dinner Thursday night, 
the luncheon Friday noon and the banquet Friday night, will be at the 
Claypool Hotel. 

The rates quoted by the management are $2.00 per day and upward 
on the European plan and $4.00 per day and upward on the American plan. 
Where two or more persons occupy a room, the rates are $1.50 and upward 
per day, European plan, and $3.50 and upward per day, American plan. 
Hotel reservation and reservations for the banquet should be made at once. 

A stereopticon will be provided. 


Committee on 25th Meeting 


Amos W. Butter, Chairman 


M. B. THomas C. L. MEES H. L. BRUNER 
W. E. STONE W. J. MoENKHAUS J. P. NAYLOR 
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Local Committee 


GEORGE W. BENTON JOHN S. WRIGHT JOHN W. WooDHAMS 


4:00 p. m. 
6:30 p.m. 
8 :00 p.m. 


9:00 a.m. 


12 :00 noon 
2:00 p. m. 


3:00 p.m. 


8:00 p. m. 


9:00 a. m. 


OUTLINE OF GENERAL PROGRAM 


Thursday, November 25 


Meeting of the Executive Committee 

Informal dinner 

Opening session 

Business 

Address—‘By Packtrain to the Tiptop of the United States 
in Quest of the Golden Trout,’ B. W. Evermann, U. S. 
Bureau of Fisheries, Washington D. C. 


Friday November 26 

Business 

President’s Address—‘Recent Progress in Physics,’ Dr. A. L. 
Foley, Bloomington 

Address—“‘Recent Progress in Chemistry,’ Dr. H. W. Wiley, 
Chief of the Bureau of Chemistry, U. 8S. Department of 
Agriculture, Washington, D. C. 

Address—‘‘Recent Progress in Botany,” Dr. John M. Coulter, 
Department of Botany, Chicago University 

Greetings from other societies 

Informal luncheon 

Address—“Darwin Fifty Years After,’ Dr. David Starr Jor- 
dan, President Leland Stanfard Jr. University, Presi- 
dent American Association for the Advancement of 
Science 

Section meetings 

The Academy will meet in sections. A few papers, preferably 
those of historical character, will be read 

Banquet—D. W. Dennis, Toastmaster 


Saturday, November 27 

Business 

Address—“Methods and Materials Used in Soil Testing,’ H. A. 
Huston, Chicago 

Address—‘Federal Control of International and Interstate 
Waters,” B. W. Evermann, U. 8S. Bureau of Fisheries 

Address—‘The Speed of Migration of Salmon in the Columbia 
River,” Charles W. Greene, University of Missouri 

Address—“‘Some Hoosier and Academy Experiences,’ C. A. 
Waldo, Washington University, St. Louis, Mo. 
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Suggestions: Plans for the Academy. 


John 8. Wright W. E. Stone 
Stanley Coulter C. Leo Mees 
H. E. Barnard W. A. Cogshall 


PAPERS TO BE READ 


Unless otherwise stated, papers will be understood to be limited to 
fifteen minutes. The first circular of the Committee stated: “These papers 
will be presented, and while probably few of them will be read at the 
meeting, they will be printed in the Proceedings.” 


General 


Thought Stimulation, Under What Conditions Does It Occur? 10 


HEAUTAUE LESS terre aes shes sas aie cates von a rors oretey seat oigiSeafeveee tie ele ereioys loca avants Robert Hessler 
MGS LOO: Wel?) overcast wie sus elevates William B. Streeter Greensboro, N. C. 
Hygiene of Indoor Swimming Pools, with Suggestions for Practical 

DASIMRECEI ON. pore OUNCES ererers cic ers onees sisnorete cue lerst ay ere Severance Burrage 
Indiana Problems in Sewage Disposal. 10 minutes.......... R. L. Sackett 
Metective Mlementanry SCIENCE 22. ccc. cus ces ccc ste se 2s William N. Heiney 


Some Hoosier and Academy Experiences 
C. A. Waldo, Washington University 
Darwin Fifty Years After 
David Starr Jordan, President Leland Stanford Jr. University 


PN SEAT AM VES Ama CRUTMS. <cyerep ere erevek vers ersce cue fees weiss 0: ace. (6% Albert B. Reagan 

RH awh EEOMCOUSMENA Wath aigratns  Epcts Shere ac cyereletellelshevarshsl ate vere lee Albert B. Reagan 

The Medicinal Value of Eupatorium Perfoliatum ............A. J. Bigney 
Chemistry 


Methods and Materials Used in Soil Testing. 25 minutes 
H. A. Huston, Chicago, Il]. 
The Discovery of the Composition of Water (illustrated) 
W. A. Noyes, University of Illinois 
Molecular Rearrangements of Derivatives of Camphor........ W. A. Noyes 
Use of Refractometer in Dry Substance Estimation 
A. Hugh Bryan, U. 8. Bureau of Chemistry 
Conductivity and Ionization of Solutions of Certain Salts in Hthyl 
ATV, “UO; winhtiwEss Chas Go bonbOo One DOGG coop Du omooas E. G. Mahin 
Recent Progress in Chemistry. 
H. W. Wiley, Chief of the Bureau of Chemistry, U. 8S. Depart- 
ment of Agriculture 
PICCHEICROSMOSEs o-oo pIIMITNUIRES aie, < oyetencts teiare eye! ale ilsilsicol's «i snel antaze Harry N. Holmes 
A Study of the Chemical Composition of Butter Fat 
O. F. Hunziker and George Spitzer 
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On a New Complex Cyanogen Compound................-. A. R. Middleton 
The Determination of Endothermic Gases by Combustion...A. R. Middleton 


Mathematics 
Methods in Solid Analytics. 15 minutes..............4 Arthur 8. Hathaway 
Motion of n Bodies; “DOWMIMUMLeS os ere auc iors = ns cscusieds i tetors Arthur 8S. Hathaway 


Discussion of the Regular Inscribed Pentagon. 5 minutes...John C. Gregg 
If the Bisectors of Two Angles of a Triangle are Equal, Those Angles 


arechiqals: ‘5, amines f5 Sorsto a crore a oeoteeicee Gee ieee ere exe John C. Gregg 
Physics 

Direct Reading Accelerometers. 20 minutes ...............¢. C. R. Moore 

Recent Work in Wood Physics. 10 minutes ................. W. K. Hatt 

Expansion of Paving Blocks, slOsminwtes reese sie oo 6 is leielererale W. K. Hatt 


Notes on the Strength of Concrete Building Blocks. 10 minutes 
H. H. Schofield 


Sliproteelveted. Jom. 9 LOMmiIMIbeS ae = eto eines eis iota «eee Albert Smith 
Rolarization of Cadmimnm”G@ellse..c ccc ccreeuteseieie eeeeierctee Rolla R. Ramsey 
Investigation of a Point Discharge in a Magnetic Field....Oscar W. Silvey 
Thee Menacity, Of Gelatine: yy 2a. oc.c cic piste cee cuore isisic lee ef oe Arthur L. Foley 
Objections to LaPlace’s Theory of Capillarity............ Arthur L. Foley 
Cohesion of Water as Modified by Certain Dissolved Salts. 10 
POUTVTIG OSS soc, steieians io: o ersttere/avere eretoce Pte eisietore ayarerotecetoraasiele tens Edwin Morrison 


Geology and Geography. 


Some Features of Delta Formation. 15 minutes........ Charles R. Dryer 
A Physiographic Survey of an Area Near Terre Haute, Ind. 25 min- 
ALTOS sceceice. sie ro even’ a) pe jars iauei'a, slietoum ete areis, © Charles R. Dryer, Melvin K. Davis 
The Collecting Area of the Waters of the Hot Springs of Hot Springs, 
ATES © ALD: MINES.) os Syateeiatate ot ecare A. H. Purdue, University of Arkansas 
The Geographical and Geological Distribution of Some Pleistocene 
Misia reicterst helen shove. ot, ase ete avatene O. P. Hay, U. S. National Museum 
On the Restoration of Skeletons of Fossil Vertebrates.......... 0: BP. Bay 
Where Do the Lance Creek (“‘Ceratops”) Beds Belong, in the Cretace- 
OUS: OF ALOT ELALY, Gis soa A ereecte law tei ccade iiever wre do ascre apnea ene Oliver P. Hay 


Paleontology and the Recapitulation Theory. 50 minutes....E. R. Cumings 

The Tippecanoe, an Infantile Drainage System. 10 minutes..W. A. McBeth 

Observations on Cyclones and Anti-Cyclones of North Temperate Lati- 
LUGES> CAO VMINUTES sen cpece us ooo, rustic. cits oleropele era soreteieratetsiatctst ee W. A. McBeth 


Zoology. 


A Paired Entoplastron in Trionyx and Its Significance. 15 min- 
URES c4 ate Rietene steleerardedrenae Henry H. Lane, Oklahoma State University 
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Physiological Explanation of the Psycho-Physical Law of Weber. 15 
MITUTUUT LO Swerve teriete her iewcce 27a) el het etsr oy acalicastictcn tua etteaream vues, esis) 6) sbeoilerspene ere Guido Bell 
On the Nature and Source of Thrombin. 12 minutes.......... L. J. Rettger 
Federal Control of International and Interstate Waters 
B. W. Evermann, U. 8. Bureau of Fisheries 
By Packtrain to the Tiptop of the United States in Quest of the Golden 
STON (UTES TVET CO) tie, aics ex stpsy sya stots isc shais) ous sees) «ie, eels. s)s B. W. Evermann 
The History of Zoology in Indiana. 15 minutes......... C. H. Higenmann 
An Analytic Study of the Faunal Changes in Indiana. 25 minutes 
Walter L. Hahn, South Dakota State Normal School 
Some Notes on Parasites Found in Frogs in the Vicinity of St. Paul, 


MTT) TITLE CS creve ansveleneucl’arel el'e,telclevels H. L. Osborn, Hamlin University 
The Mocking Bird About Moores Hill, Indiana.............. A. J. Bigney 
ross-Merilization Among KiSheS..........6ccccesensece W. J. Moenkhaus 
Observations on Woodpeckers. 5 minutes............... John T. Campbell 
Paroxysmal Heemoglobinuria. 10 minutes................ Oliver P. Terry 
The Evolution of Insect Galls as Illustrated by the Genus Amphi- 

VOTO S testers ales clei eloet avereie, 2.6. arate eh oye kSisuecoiefeeae tg Mel T. Cook, Delaware College 


The Speed of Migration of Salmon in the Columbia River 
Charles W. Greene, University of Missouri 
Observations on Cerebral Localization 
J. Rollin Slonaker, Leland Stanford Jr. University 


ihemNasal Muscles of Vertebrates... ...5 gocce ee cee w ccc ees H. L. Bruner 
Botany. 

RE SOlLOST CAleAP PALA LIS msretcisacreisnac os. seleleials cats Malet ss ete Frank M. Andrews 

Somme VGN SErOSIELES sim lamits sm eres es) elelenesc clapereker ee ese aleve Frank M. Andrews 

AS, TOTES (OIE NIGE SY cae ese aS epee ier a bok ECG ee Pe ca Frank M. Andrews 


Re-Vegetation of the Salton Basin (illustrated ) 
D. T. MacDougal, Director Desert Laboratory, Tucson, Ariz. 


Forest Conditions in Indiana. 15 minutes................ Stanley Coulter 
Additions to Indiana Flora, Number 4. 3 minutes...... Charles C. Deam 
The Development of the Reproductive Organs of Chara fragilis. 20 
WAVUTUUT ME Seesa rey ever shorten checs ue sekons. «wie ave Si enetolovevaae sone ce eSetecoceate's George N. Hoffer 
Right and Wrong Conceptions of Plant Rusts................ J. C. Arthur 
The Effect of Preservatives on the Development of Penicillium. 10 
UDUTNU TES Vata ntaia ver cvavace ts els shecsteonel <tiafa te perdeyetatay a Ge eee Katherine Golden Bitting 
Recent Progress in Botany........... John M. Coulter, Chicago University 
nner INGtes on Mimothy RuSti.c.... oaescse m6 + cc 66 6 Frank D. Kern 


Editorial Notice. 


All members of the Academy will doubtless be ready to assist in any 
efforts put forth having in view correct and early publication of the Pro- 
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ceedings. To this end the following conditions of publication are an- 
nounced by the editor: 

1. All papers to be included in the report of 1909 must be in the 
hands of the editor not later than December 15, 1909. 

2. All papers should be typewritten as far as the nature of the sub- 
ject will allow. 

3. <All tracings and maps should be drawn to correspond with the 
size of the page of the Proceedings, and must come within the following 
limits: 43x7. If necessary, it may be made to cover two pages, or meas- 
ure 83x11. 

4. Authors are especially requested to carefully mark and number 
all illustrations and to carefuly indicate in the MSS. the exact location of 
such illustrations. 

5. To secure proper representation of mathematical work, authors 
are particularly cautioned to send in carefully traced figures on separate 
paper. 

6. The limits of the appropriation require that all illustrations shall 
be in one color, and either photographs or etchings. As a consequence, 
all illustrations must be in black and white. 
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Resotution PrRovipiInc FOR THE CELEBRATION OF THE 
TWENTY-FIFTH ANNIVERSARY OF THE INDIANA 
ACADEMY OF SCIENCE. 


Resolved, That in view of the fact that the next meeting will be the 
Twenty-fifth Annual Meeting of this Academy, a special effort be made 
at that time to celebrate the quarter centennial of its organization. 

That a committee of seven be appointed to have charge of the pro- 
gram and all necessary arrangements for such meeting. 

That the time and place of the next meeting be left to said committee. 

That an effort be made to have present all the living ex-presidents 
and all of the living charter members of the Academy. Also that all the 
universities, colleges and other educational institutions of the State, all 
scientific organizations, including the State Medical Society, Indiana En- 
gineering Society, Indiana Section of the American Chemical Society, 
State Science Teachers’ Association, and all individuals interested in 
scientific work and the press of the State be cordially invited to co-operate 
to make this a successful meeting and memorable occasion. 

Adopted November 28, 1908. 


[3—23008 | 
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Tue BEGINNING oF THE INDIANA ACADEMY OF SCIENCE. 


By Amos W. BUTLER. 


In my early years the lack of association with persons who were in- 
terested in scientific pusuits and of opportunity to refer to books on 
scientific subjects was greatly felt. I planned to interest several persons 
in establishing a local society which would bring kindred spirits together. 
This resulted in the organization of the Brookville Society of Natural 
History in 1881. That year, for the first time, I attended the meeting of 
the American Association for the Advancement of Science at Cincinnati. 
There I had the pleasure of meeting many persons of whom I had only 
known by reading. This was the beginning of many acquaintances that 
have been permanent, helpful and inspiring. In my efforts to study local 
natural history I found it difficult to obtain information from students in 
other parts of the State. In talking with others I found they had had the 
same difficulty. In the winter of 1883-1884, the need of a State organiza- 
tion was strongly impressed upon me. Correspondence was begun with 
a number of persons whose names were prominent in scientific work of 
the State, and the majority of them favored such an organization. Among 
these were Dr. David Starr Jordan, Dr. J. P. D. John, Professors John 
M. Coulter, Stanley Coulter, Philip 8. Baker, Daniel Kirkwood, Richard 
Owen and Oliver P. Jenkins. There were others who discouraged it. 
The subject was fresh in mind at the time of the meeting of the American 
Association for the Advancement of Science at Ann Arbor in 1884. There 
opportunity was given to talk the subject over, and for the first time I 
met Dr. John C. Branner, who had just been appointed professor of 
geology at Indiana University, and he strongly urged the formation of 
such a society. Finally it was decided to call a meeting to organize an 
Indiana Society. The Brookville Society of Natural History, as the most 
active organization of its kind in the State, was asked to take the initia- 
tive and call the first meeting. Accordingly that society appointed a com- 
mittee for that purpose, consisting of Rev. David R. Moore, its president, 
Dr. 8S. P. Stoddard and Amos W. Butler. The meeting was called for 
Indianapolis on December 29, 1885. ‘The plan was to have a series of 
papers on the status of different branches of science in Indiana. The 
meeting was held in the Marion County court house. The program in- 


cluded the following papers: > 
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SINT ECECOROLOL S's orka 8 iks me sie a eed Mee ator eae A eisete e ake che aro tl oat VWIES Jem elecett 
“Progress in the Study of Mamimaloey ray 1evoWbune 5 e056 566 Kdgar R. Quick 
“Sketch of the Work Accomplished for Natural ana Physicial Science 


MIDs (VTL RAT ALA Shaves cove econ eve Venere eer ewenet seme eRe Wyawetauemtone a yakens ...Richard Owen 
SNI<elteh VOR MES oS. VANES UES cc apes sh eve orb red acte wire omens D. S. Jordan 
SS WiOLKeDOnevin, LethiyOlociyeam) simian nyesieteperereteriere aioe tere cieiore D. S. Jordan 
“Work Done in Botany in Indiana’......... Re ratees o John M. Coulter 
“Work Done in’ Physics in Indiana’.......... en aes we (sted Naylor 
“Work Done in Study of the Lower Invertebrates”........ O. P. Jenkins 
“Present Condition of the Study of Indiana Herpetology”...... OVP SEay 
“The Study of Hntomology in Indiana”.............. wcrsy atlas ev ohare P. S. Baker 
“The Present Knowledge of Indiana Mineralogy”’....... Maurice Thompson 
“Work Done for Geology in Indiana”’....... Aue cic RRERE Ryland T. Brown 
SEMEMUSUIVs bie ciate. eNom ete ae baat 6 DSichGlo G TOE cue et R. B. Warder 
“The Present Condition of Indiana Conchology”.......... David R. Moore 
“JOC HENNE eM IOS S Sa aa Ge otans oo 4 6 sub lekineee ies Se siuatode renege ...d. B, Conner 
“The Past and Present of Indiana Ornithology”’.......... Amos W. Butler 
Sr CC ORGTEEUT EN Ye contac cacraitane a leis Cas iotistn ive teus Reever e ns orien tere cris de teva ic a ote J. T. Scovell 
ASTRONOMY: Were. S shercuete me chererenmerore tr enevereteletaie ciidiers owe once ...David Kirkwood 


(Of these only Richard Owen and David Kirkwood were absent, and 
their papers were read by others.) 

Dr. J. P. D. John was chosen president pro tem. There were about 
forty persons present, representing most of the educational institutions 
of the State, and including most of the scientifie workers. Dr. David 
Starr Jordan was chosen first president and Amos W. Butler the first sec- 
retary. A constitution and by-laws were adopted. Since that time regular 
annual meetings have been held. All but one, which was held at Lafay- 
ette, have been held in Indianapolis, and until recently spring meetings 
at different points in the State. The first one of these was appropriately 
held at Brookville May 20-22, 1886. 

The following persons are mentioned in minutes of December 29, 1885, 


as being present and taking part in the meeting: 


J. P. D. John, Greeneastle. J. P. Naylor, Bloomington. 

A. W. Butler, Brookville. O. P. Hay, Irvington. 

O. P. Jenkins, Greencastle. *P. S. Baker, Greencastle. 

J. C. Branner, Bloomington. *Maurice Thompson, Crawfords- 
S. P. Stoddard, M.D., Brookville. ville. 

*W. H. Ragan, Greencastle. J. GB. Conner, Indianapolis. 

E. R. Quick, Brookville. *T. B. Redding, New Castle. 

D. R. Moore, Brookville. *Ryland T. Brown, Indianapolis. 
D. S. Jordan, Bloomington. *R. B. Warder, Lafayette. 

J. M. Coulter, Crawfordsville. J. T. Seovell, Terre Haute, 


*Deceased. 
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The following persons’ names appear on the treasurer’s book for that 
meeting, and they were probably present: 


D. W. Dennis, Richmond. C. A. Waldo, Terre Haute. 
*Joseph Moore, Richmond. C. W. Hargitt, Moores Hill. 
Stanley Coulter, Terre Haute. *W. P. Shannon, Greensburg. 

B. W. Evermann, Bloomington. *T, J. McAvoy, Indianapolis. 
S. E. Meek, Bloomington. L. D. Waterman, M. D., Indi- 
C. H. Higenmann, Bloomington. anapolis. 

*J. L. Campbell, Crawfordsville. John Hurty, M. D., Indianapolis. 
D. A. Owen, Franklin. I. M. Webster, Lafayette. 

C. R. Dryer, Fort Wayne. *E. Stein, Indianapolis. 


A. J. Phinney, M. D., Muncie. 


“Deceased. 
Of about forty persons in attendance upon the first meeting, twelve 
are present at this meeting. 
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GREETINGS FROM INDIANA ASSOCIATIONS. 


FROM THE INDIANA STATE TEACHERS’ ASSOCIATION. 


By Gero. W. BENTON. 


Mr. President and Members of the Academy: In the absence of Dr. 
Robert J. Aley, State Superintendent, and president-elect of the Indiana 
State Teachers’ Association, it has devolved upon me and is my great 
privilege as retiring president to extend to you the greetings of the teach- 
ers of the State, and to congratulate you upon the completion of the series 
of notable meetings culminating in this anniversary. 

It is peculiarly fitting that we do this in view of the importance of 
each of these societies, and of the part which each has had, and is destined 
to continue to perform in the life history of the State of Indiana. 

The State Teachers’ Association last December passed its fifty-fifth 
milestone, and in its uninterrupted history of fifty-four years has marked 
the successive stages of educational progress in the State, and has had an 
increasing influence in establishing standards and in directing the current 
of educational thought. Many of its officers and members have become 
prominent in the educational work of the State and nation, and many of 
them have enjoyed the privilege and honor of membership and active 
participation in the affairs of the Academy. 

No less prominent in its own sphere, through the years of its activity, 
we recognize the importance of the great work which the Academy has 
done for the State and for the nation, in the spreading of scientific knowl- 
edge, in the encouragement of research, and in the inspiration of the 
younger generation of science teachers to greater effort and increased 
efficiency. We see in the Academy the most powerful agency in the solu- 
tion of the great problem of fitting the highest development of scientific 
thought into the general scheme of education for all the people; and we 
confidently look forward to the achievements of the coming years of the 
Academy, believing that its services to the State and to education will con- 
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tinue to receive that recognition which it has so richly deserved in the 
past, and which we now so inadequately express. 

The teachers of Indiana would consider me lacking in truth and 
courtesy, I am sure, should I fail to give expression to the deep pleasure 
and pride which we feel in the great history of the Academy, and in the 
exceptional capacity for usefulness with which it is so richly and gener- 
ously endowed. 


We greet you, and we bid you Godspeed ! 


FROM THE INDIANA MEDICAL ASSOCIATION. 


3y Dr. S. E. Earp. 


Mr. Chairman: It surely is a pleasure as well as an honor to be chosen 
to appear before you for the Indiana Medical Association. I am the cus- 
todian of the good-will and hearty congratulations of the Indiana State 
Medical Association, but it is not the casket that assumes any importance ; 
it is the jewel I bring you. Now, when we extend our greetings we desire 
that they shall have a cultured application and not a provincial one. Per- 
haps an explanation is in order. 

One of your splendid members. Prof. Stanley Coulter, recently deliv- 
ered an address before The Young Physicians’ Club, of which I am a mem- 
ber—and I am a member by virtue of the fact that all physicians are 
young, but some are younger than others—and Prof. Coulter in his ad- 
dress said that culture is an instinctive appreciation of the very best, and 
that provincialism is narrowness, the antithesis of culture. And _ that 
whenever he had come in contact with a provincialist he had two im- 
pulses, first to laugh at him, and second to kill him. He had done the 
first, but so far he had been able to control himself and not do the second. 

So we appreciate that everything concerning you is the very best, and 
that it is the very best who can appreciate the best in you. 

The Indiana State Medical Association has passed its golden anni- 
versary by ten years. It has 2,690 members in good standing, and yet 
there are not more than twenty-five who are members of this splendid body 


of yours. There ought to be more. There are men who are authorities in 
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their line who should through this channel help themselves, help the asso- 
ciation, help you and help the public by contributing what they possess. 
We must learn that, taking all the departments of science, “in union there 
is strength.” 

Another important factor is this: For a time in scientific medicine, 
on account of the number of medical institutions in this State, the in- 
terests were varied; but during the past year, for the first time in forty 
years, there has not only been an amalgamation of scientific medical in- 
terests, but there is complete unity. And now with the medical college we 
have here that is under the control of one of your best Universities, Indi- 
ana University, with its opportunities and facilities, we take it you will 
soon hear us rapping at your door, and we trust that the latch-string will 
be out. 

We fully appreciate, as we congratulate you and bring our greetings, 
all that you have done and are doing for scientific medicine, and that it 
is valuable beyond price. Again I say, as I bring you our greetings, that 


we congratulate you most heartily. 


FROM THE INDIANA HISTORICAL SOCIETY. 


lee aie 124 1B oa aye 


1 dave been delegated by the Indiana Historical Society to extend its 
greetings to the Academy of Science. This is therefore an historic greet- 
ing; just what a scientific greeting should be, I am not quite certain. In 
the good old days that Dr. Couiter told about, I should think the proper 
thing was, “Have something with me,” but in the course of the great 
progress that has been made in the last twenty years in the Pure Food 
Department, I do not know whether that would be safe. I judge that 
scientific people believe all the awful revelations that have been made, 
and that they are all on the water-wagon now. 

There is one thing in which I think this society and the other learned 
societies of the State should be at a unit. We have a centennial in 1916. 
There has been some talk of having an exposition, but everybody knows 


that the recent expositions have been failures, and it would be a failure 
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in Indiana. But it has been suggested that instead of this we erect a 
permanent memorial building devoted primarily to the preservation of 
the history of Indiana. This is being done now through the State librarian 
and the State museum, but we have not room enough. Mr. Blatchley has 
not room enough to do his work, and I understand valuable gifts have had 
to be refused on account of lack of room in that museum. There is also 
scientific work being handled in the State House by Dr. Hurty and Dr. 
Barnard, and we really need a building of this sort. These things ought 
to have ample quarters. I would like to see that centennial of 1916 cele- 
brated by an ample building in which a museum and library could be 
housed, in which there would be room for laboratories and other work of 
the State, room for the Academy of Science, room for the Historical So- 
ciety and all these other bodies. 

I trust you will take that matter into consideration as you go out 
from here. Keep it in mind, and when you talk to your Representatives 
and Senators and people who have influence in the Legislature, lay it 
before them, and thus help in a work which I believe is of very great im- 
portance to the State of Indiana, both scientifically and historically. (Ap- 


plause. ) 


FROM THE INDIANA BRANCH OF THE AMERICAN CHEMICAL 
SOCIETY. 


By Pror. R. B. Moore. 


Mr. President: As representative of the Indiana branch of the Amer- 
ican Chemical Society I extend congratulations to the Academy upon its 
twenty-fifth anniversary. It is needless to argue the use of such a society 
in the State. It does a-work which none of the national societies can do, 
and it is needless also to state that this work has been done well. Con- 
gratulations are especially in order, to those men who founded the Academy 
and have borne the burden of the work since that time. 

I am also glad to see that the social life of the society is receiving 
sufficient attention at this meeting. We have little opportunity to get to- 
gether during the year; it is all the more important therefore that the 
social side of our meeting should be emphasized. 

The Indiana branch of the American Chemical Society extends to you 


congratulations and greetings. (Applause. ) 
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FROM THE STATE PHYSICS TEACHERS’ ASSOCIATION. 


By Pror. J. P. NAYLOR. 


Mr. President and Members of the Academy: I stand in the rather 
unfortunate position of belonging to the Committee of Arrangements for 
this meeting, and also representing one cf the other societies. But I assure 
you that I did not make the assignment. The fact is I was simply held 
responsible for the presentation of the greetings of the State Physics 
Teachers’ Association and tried to get a good man who could present the 
greeting in better words than I, although not in better spirit, I am sure. 

As I look around over the faces of those present I see many members 
of the Physics Teachers’ Association who are also members of the Acad- 
emy, and it may occur to someone to ask why the Physics Teachers’ Asso- 
ciation should exist at all. The work in any science is many sided, and 
there are some things that can be done in the Indiana Academy and some 
things that can not be done. We, the physics teachers of the State, need 
to get together and compare notes. We want to know what the other man 
is doing and how he does it. This sort of work can not well be done by 
the Academy, for its province is rather along the line of investigation, and 
besides its program is always crowded; therefore the State Physics 
Teachers’ Association. 

Our association is, however, a sort of offspring of the Academy, and 
we look to it as the mother society. And as good children we come back 
at this time with our congratulations and hearty greetings, and hope for 
the Academy that the next two and a half decades may be even better than 
the past has been. We do not come like the Orientals, wishing that her 
shadow may never grow less but that her bright light may be ever en- 
larged, and that she may go on to larger accomplishments in the future. 
I bring you greetings. (Applause. ) 
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FROM INDIANA SOCIETY OF ENGINEERS. 
By CHaAs. BROSSMANN. 


Mr. President and Gentlemen: I feel that is is an honor to address 
your meeting, and am glad to speak a few words of greeting on behalf of 
the Indiana Engineering Society. 

On your program I notice the names of more than one engineer and 
subjects relating to engineering work. I feel that the scientist and 
engineer need no introduction, for they have ever worked either together 
or in sequence for the betterment of man and civilization. 

On the vital questions relating to the physical development of our 
vast industrial system the scientist has made the work of the engineer 
possible. 

The first step belongs to your work. You took the initiative and ad- 
vanced radical though perhaps unappreciated theories, labored for years 
to prove them, and had to work and keep the courage of your convictions 
to establish your point beyond question. 

Your reward has not usually come from a grateful public, but you 
have the reward of a greater knowledge. 

I wish to mention one or two papers on your program, one “A List of 
Alge.” <A list of algee means nothing to a community, but when an entire 
water system becomes clogged with Crenothrix, they cry for the scientist 
to find the remedy. 

The subject, “The Problem of Sewage Disposal,’ does not appeal to a 
city until the stench is apparent, then succor from scientist and engineer 
is needed. 

Most of the papers to be read, touch upon the betterment of the human 
race, the conservation of its health, and the country’s resources. 

Today Dr. Von Lendenfeld investigates the organs of flight of the best 
flyers of the insect orders, Lepidoptera, Hymenoptera and Diptera. The 
public hears and smiles. 

Tomorrow the Wrights fly for hours in the upper air. The public sees 
and gasps in wonder and amazement. 

And so the scientist needs be the silent man. Carlyle says: “The 


noble silent men—scattered here and there—each in his department— 
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silently thinking—silently working, whom no morning newspaper makes 
mention of—they are the salt of the earth. A country that has none, or 
few of them, is in a bad way.” 

IT am glad we have many in this country, and that this State is so 
well represented in the “silent men”’—although perhaps they will not be 
so silent in the ensuing two days. 

Gentlemen, I am pleased and honored in extending to you the greeting 
and good wishes of a brother society which appreciates its debt to science. 
The Indiana Society of Engineers greets you and wishes you a successful 
meeting. | 


FROM THE INDIANA ASSOCIATION OF SCIENCE AND MATHE- 
MATICS TEACHERS. 


SVaVV ic) Wie WANE 


Mr. Chairman: As I have*sat here listening to the expressions of 
greeting on this occasion, I had the great pleasure of hearing the other 
gentlemen say the things I expected to say. 

I feel that it is especially proper that our society should join with 
the other organizations today in expressing their interest in your Academy. 
In some respects, while not a child of the Academy, as is the Physics 
Teachers’ Association, yet we might call ourselves a younger brother. 
Our interests are somewhat similar. We are interested in the sciences 
and mathematics, and I think that on that account we can appreciate 
better than others, possibly, the feeling of need which led to the organi- 
zation of the Indiana Academy of Science twenty-five years ago. We are 
all of us working in a field in which we must look for sympathy, for en- 
couragement, for inspiration, not to the public at large, because they fre- 
quently misunderstand us, but to our colleagues and _ fellow-workers. 
That, as I understand it, was one of the reasons for the organization of 
this society. 

Also many of our number are directly indebted to some of you for 
the instruction and inspiration that led them to take up their life work. 
And we are all indebted to you for the standing you have given to scien- 
tific pursuits in the country at large. 
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So I bring to you today tie most nearty congratulations upon your 
past history, and upon the glorious achievements of some of your num- 
ber, and say that we wish you abundant success for the future. (Ap- 


_plause. ) 


FROM THE INDIANA AUDUBON SOCIETY. 


By WILLIAM WATSON WOOLLEN. 


Mr. President, Ladies and Gentlemen: The first Audubon Society 
was organized in New York in 1886. Its purpose was “the protection of 
American birds, not used for food, from destruction for mercantile pur- 
poses.” In 1889 it seemed to have accomplished the purpose for which it 
was organized and the movement died out. 

A subsequent revival of the demand for birds for millinery purposes 
led to a re-awakening of sentiment on the subject, and in January, 1896, 
a State Audubon Society was organized in Massachusetts and in October 
of the same year one was organized in Pennsylvania. Such societies now 
exist in all of the states, except perhaps a half dozen, the object of their 
organization being the preservation of our birds which were fast being 
exterminated. It was thought that the people must be educated as to the 
worth of our birds, and these societies entered upon that work. 

In April, 1898, principally through the instrumentality of the Indiana 
Academy of Science, the Indiana Audubon Society was organized. I have 
in my office the minutes of that meeting, at which I was present. In 
looking over the minutes of that meeting I find the society was mainly 
constituted of members of this Association. ‘ 

The work which has been accomplished by the Audubon Societies of 
the country has been immense. I am not sure that I know of any other 
organization which, with as little money, has accomplished so much good. 
Its work for good has been of such a character as to attract the atten- 
tion of the people of the country and especially the Department of Agri- 
culture at Washington. The annual reports of that department have 
taken account of these societies and commended them for the work which 


they have accomplished, You all must be aware of the legislation that 
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has been brought about through the influence of these societies, and es- 
pecially the Lacey act passed by Congress for the protection and preser- 
vation of our birds. 

I am glad to say that there is not a State in the Union which does 
not have its laws for the protection of our birds. In this State we have 
not lagged. We have placed upon our statute books the ideal law for 
that purpose, originally suggested by the American Ornithological 
Association. 

Now, ladies and gentlemen, allow me to suggest in conclusion, that 
the membership roll of our Audubon Society contains but few names of 
the members of this association. We have a membership of about one 
hundred and fifty. Our first annual meetings under the provision of the 
constitution were held at Indianapolis. We learned, to our regret, how- 
ever, that in this great and beautiful city there were very few people 
who were interested in this work. We changed our constitution. Since 
then we have gone to Franklin, Richmond, Shelbyville, Fort Wayne, and 
New Castle, where we have been received most cordially, and we hope we 
have done good. 

Now, we bring our greetings to you, with the hope for future success, 
and that ,you will renew your love for this, one of your offspring. I have 
looked over the program arranged for this the twenty-fifth annual meet- 
ing of the Academy with its sixty-nine numbers and the additional num- 
bers which Mr. Butler has read, and I find there are but two num- 
bers which have any reference to our birds. These are No. 45, “The 
Mocking Bird in Indiana,’ and No. 47, “Observations in Woodpeckers.” 
Now, ladies and gentlemen, to my way of thinking, this is not as it should 
be. I believe these other things which you have been writing and talking 
about are important, but of all of them the one particular thing which is 
of the greatest interest and value is the preservation of our birds. With- 
out them you will have no occasion to talk about botany or any of the 
other things about which you have been writing and talking. It is the 
birds of our country to which we must look for its salvation. I thank you 
for the opportunity to say a word for them. 
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PLANS FOR THE INDIANA ACADEMY OF SCIENCE. 


JOHN 8S. WricHt: Mr. Chairman, the committee made arrangements 
for several persons to speak of the plans for the Academy, with reference 
to future expansion and development. Now, most of the points that I 
had in mind have been covered very adequately by the speeches which 
have been made at different times during the meetings, particularly last 
night by Dr. John M. Coulter with reference to the social side of the Acad- 
emy, making the members better acquainted with each other. I feel sure 
that the program committee will endeavor in planning the next meeting to 
emphasize the social aspect more and more. Possibly a smoker will serve 
very well to this end. I do not suppose we would attempt a banquet of 
as large proportions as the one we had last night, as that would entail 
too much effort. 

I believe the Academy will do well to enlist the interest of men who 
are in industrial lines. There are within this State at the present time 
a great many men who are in industrial lines. Mr. Brossmann, who rep- 
resents the Engineering Society, referred particularly yesterday morn- 
ing to the interest that engineers and chemists have in scientific work, 
and that their work rests upon developments along the lines of science. 
These men in industrial lines may properly be enlisted in the Academy 
interests, and I am certain we can thus enlarge the number of those en- 
gaging in the work of the Academy. 

I believe that is all I care to say, because other features of tue Acad- 


emy work will be mentioned by those who follow. 


Dr. STANLEY CouLTeR: Mr. Chairman, I think we are a unit upon the 
matter of the development of the social side of the Academy. It has oc- 
curred to me that one way in which that might be brought about would 
be to have the Executive Committee constitute itself a committee of intro- 
duction at each session, and make it a regular part of the program to 
introduce the new members to the older ones. I have frequently told 
young men that the only way for them to broaden out was by coming in 
contact with these older members, and they have come to the Academy 


meetings, stayed a day or two and have gone home without meeting a 
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single one of them. We should certainly have some committee that would 
see that the young members are properly introduced to those with longer 
years of service in the State. 

Another matter which shouid be taken up by the Academy and the 
Executive Committee is the length of time taken to print our reports. A 
man who is doing a bit of scientific work which is worth publishing, the 
preparation of which involves much time and labor, must wait eleven 
months for its appearance if he presents it to the Academy. <A paper 
that may be of value at the time of its presentation, may not be worth 
nearly so much after a year has elapsed. You can not be sure that the 
thing you say today is the thing you would say in the same form a year 
from now. I think the Executive Committee should take this matter up 
in some definite way, and see that the proceedings are ready for distri- 
bution in less than a year from the date of meeting. 

Another thing, it seems to me, that we need is that our programs 
should not be made up as they are now, in a comparatively haphazard 
fashion. In tne past we had some programs that were really capital, and 
those who had these programs in charge would begin, say, in March or 
April to send the various members letters, suggesting that it would be a 
good time to arrange in their minds the subject they would present to the 
Academy, and thus, long before the Academy meeting the Hxecutive Com- 
mittee had in hand a well organized program. 

In conclusion, I suggest: a recognition of the social side, an im- 
provement in the methods of getting out our reports, so that they may 
be received very much more promptly than heretofore, and a return to 
the old method of having the Executive Committee, made up of the Presi- 
dent, Secretary and Program Committee, feel that a large part of their 
work must be done before summer vacation if the meeting is to be a suc- 
cess. The request for my subject, under the present practice, always 
comes at a time when I am busier than at any other time of the year. As 
a consequence I send in some title that sounds well, and does not take 
much preparation, and trust in the main to the inspiration of the moment. 

IT am thoroughly in accord with Mr. Wright’s suggestion that this or- 
ganization is losing a very great element of strength in not having asso- 
ciated with it more closely the industrial scientists of the State.  (Ap- 


plause. ) 
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Dr. H. E. Barnarpd (Indianapolis): Mr. President and Members, I 
cannot but feel that it is presumption for me, whose name was enrolled 
in the Academy but yesterday, to attempt to give advice to you who were 
at Brookville, and who have guided the Academy from its infancy through 
youth to manhood. But if there is a word I can say this morning it is 
to the older members, whom I would urge to give of their wisdom and 
advice to these young men, not only in lectures, but in heart-to-heart 
talks and fraternity with them. I wish to express my thanks to Dr. Coul- 
ter for his admirable toast last evening. More fraternity and fewer 
scientific papers I believe will be the key-note of the future of the society. 
Some of the papers stand a poor chance of being appreciated, because 
they are not understood; but we all want to know the men who write the 
papers, not for the papers, but for themselves. One may gain quite as 
much inspiration in the company of the worker in other fields as in asso- 
ciation with his fellows, not in their papers, but in the social hour. 

So I would urge more and more this fraternity among the members, 
especially at the spring meetings. That first gathering at the swimming 
pool has taken hold of me; it gives us a glimpse of an esprit de corps 
that will carry the Academy far, and make an Academy that we will be 


as proud of twenty-five years hence as we are today. (Applause.) 


PRESIDENT W. E. Sione: Mr. Chairman and Members of the Academy, 
perhaps what I have to suggest will not permit of practical application, 
and yet as I have been in attendance upon this meeeting I am impressed 
with this thought about the Academy. It has become in a sense a child 
of the State; it owes something to the State as an organization. It rep- 
resents a body of men who certainly have a great deal of influence in 
shaping the future of the State. Now, it occurs to me that the particular 
thing which this Academy can do is in the direction of shaping public ap- 
preciation of scientific methods and scientific spirit. You can not formu- 
late that policy for immediate action, but I submit to you if it would not 
be a very valuable thing if the public at large, the press, business men and 
public officials, had a better conception of what scientific methods and the 
scientific spirit stand for. How much we should be spared in the press 
of the sensational talk of scientific attainment; how much we should 
economize in the administration of the affairs of city and state; how 


much more it would mean to the private affairs of our citizens if there 
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was a conception of the idea that knowledge is to be gained on all of 
the common affairs of life which put into practice would result in effi- 
ciency and in economy. 

Now, that is a matter of slow growth—public education. We are 
striving to bring people to a conception of that idea in all of our schools 
and colleges, and here is a public body which should be recognized as 
having influence and standing and weight in this State. What better 
service could it render in the course of a quarter century than to have 
promulgated steadily that notion of appreciation of scientific methods and 
scientific spirit? It is worth more than papers. It is the ultimate ob- 
ject of this Academy. It is the highest service it can render the State 
as a matter of public welfare and public education. 

Now, that is very intangible, I realize, but I think it is an end worth 
thinking about. (Applause. ) 


Dr. C. L. Mees: It appears to me that the remarks I had prepared 
upon being notified to speak have been stolen by those who have pre- 
ceded me. It is an old Chinese saying that it is dangerous to stoop down 
even to fasten your shoe strings in your neighbor’s melon patch. So there 
is very little left for me to say. 

I certainly am thoroughly in accord with all that has been said this 
morning, and by Dr. Coulter last evening, but there are one or two prac- 
tical things which come to my mind now. Dr. Coulter referred to the fact 
that we are in danger of dissipation. Owing to the fact that the number 
of scientific workers in special lines in Indiana has increased very greatly 
in the last two years, papers presented to the Academy have become more 
and more technical in narrow specialties and the number capable of discus- 
Sing them or even following them as presented was necessarily small and in- 
terest correspondingly flagged. This condition led to the formation of half 
a dozen or more of scientific societies made up of men especially interested 
along narrow lines of scientific research, commanding the interest and at- 
tendance of those having common interest and drawing their attention 
and membership from the Academy. Now the question is whether the 
Academy cannot devise some plan by which the work of these various 
societies could be co-ordinated and perhaps their meetings be arranged 
to occur about the same time as the Academy meeting. If the program 
of the Academy meeting could be somewhat shortened and the papers be 


made of more general interest, they would serve the purpose, as Dr. Stone 
has just intimated, of developing the scientific spirit, and then let the 
different societies meet and discuss the technical papers they may have 
to offer. I merely offer this as a suggestion, and do not know whether it 
would be practical. 

There is another suggestion which pessibly might be worked out. The 
American Institute of Electrical Engineers has tried a somewhat similar 
plan, that is, to have scholars from the various colleges where more or 
less graduate work is being done, attend meetings, and thus give them an 
enthusiasm which contact alone will bring, and publish their papers, if 
worthy, and interest them in the work of the Academy later on. 

These are some of the practical points that come to my mind in con- 
nection with the future plans of this Academy. I believe the danger is- 
now that, unless the character of the activity of the society is somewhat 
changed, we will become a sort of body which exists upon paper and 


in lists of membership, rather than in active work. 


Mr. W. A. CocsHatt (Bloomington): I have been very much inter- 
ested in the statements during the last two days of the early work of the 
Academy—its early organization and membership, and in the large num- 
ber of suggestions that have been made for the future of the Academy. I 
think most of these are good. It only remains to adopt some definite 
plans by which these suggestions can be put into something tangible. I 
do not know whether such plans can be worked out in the immediate 
future or not. 

It seems to me the aim of this Academy is first to encourage scientific 
work among a good many who without the Academy would not do any 
such work. [ft does that to a certain extent. We have every year a long 
list of papers from men who do not belong to other scientific societies, and 
it is a good thing for them and a good thing for the State at large that 
these papers should be prepared and printed. 

The other aim of the Academy, and which I believe to be the main 
one, is the bringing together of the scientific men of the State—not neces- 
sarily to hear the papers, as was very well said last night. I do not know 
that I should put the papers in quite so insignificant a place as was indi- 
cated, but we could well have the program the real excuse for meeting, 


and make that the frame-work of the whole thing. But I think a good 
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deal of the scientific benefit is lost or perhaps not realized, by having such 
a large number of papers of such short duration. To my mind it takes 
a man who is a good deal better than the average to prepare a paper 
of five or ten minutes in length, that has anything in it, and if that is 
all there is to the paper, I do not know that it is really worth while to 
read it. I believe the whole work of the Academy~-could be much better 
carried on if we did not try to crowd sixty or seventy papers into one 
short meeting. 

With the great number of things that have come into life since this 
Academy was organized, it is not possible for us to give two or three days 
continuously to a meeting of this kind very often, and so we could not 
have sixty or seventy papers. But if we could bave papers that are long 
enough to be beneficial, and put them into a shorter space of time, we 
could then devote more time to the social element of the meeting. I do 
“not believe we get much social benefit from the meeting, as it only happens 
once a year. We come up here and meet a few men and go back home, and 
in the course of a few months we have forgetten who these men were and 
where they came from and what sort of work they are particularly in- 
terested in. I believe we should have meetings which would not be too 
scientific very much oftener than once a year, which would serve to bring 
the members of this Academy into closer touch with each other. 

I would suggest that we have, if possible, some sort of Academy head- 
quarters here in Indianapolis, and that once a month or once in two 
months, or once a quarter, as may seem advisable, notices be sent out to 
the members that there will be a meeting. Have not over one or two pa- 
pers, that could be presented after a little dinner or lunch. I think this 
would be well worth while. 

I was very much interested yesterday in the statements of the Libra- 
rian of the State, in regard to the new building that is proposed. If by 
any possibility that building could be obtained through appropriation from 
the Legislature, a permanent headquarters for the Indiana Academy could 
be secured, a most excellent place for carrying out some such idea. It 
would give us a place for our library, and it seems to me it would be a 
benefit to the Academy on every side. It would bring the whole scientific 
body of the State of Indiana together often enough to get acquainted and 
keep acquainted. 

I believe that some sort of permanent headquarters, more frequent 


meetings and shorter meetings, would give us the best results in this State. 
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Mowrer, F. K. 
Noe, Fletcher M. 
Noyes, W. A. 
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Springer, Dr. A. 
Stoddard, Dr. S. P. 
Stoltz, Charles. 
Stoltz, Charles, Jr. 
Stone, W. E. 

Stuart, M. H. 
Swift, L. B. 

Taylor, F. B. 
Thomas, M. B. 
Thompson, Willis 8. 
Transeau, EH. N. 
Turner, W. P. 

Van Gorder, W. B. 
Waterman, Dr. L. D. 
Weems, M. L. 
Williamson, E. B. 
Woodhams, John W. 


Pohlman, A. G. Woollen, W. W. 

Potter, Dr. Theodore. Wright, John S., and wife. 
Ransom, J. H. Vounr, J.k. 

Rettger, L. J. Zimmer, H. P. 


Smith, E. R. 


Dr. A. L. Forey: It seems to me the Program Committee has shown 
particularly good judgment in the program it has provided, and in no way 
has that good judgment been better shown than in the selection of the 
Toastmaster for this evening. 

There is no man in Indiana who has had more influence upon the 
teachers of the State, upon the schools of the State; there is no man who 
has been closer to the hearts of his pupils. There is no man who has had 
more to do with the development of science in Indiana than has Professor 
David W. Dennis, of Earlham College, who will preside. (Applause. ) 

Pror. Daviy W. DenNIS: I am sure, ladies and gentlemen, that I 
wish more than any of you possibly can that all of that was true. 

In science we have many of us been very lately instructed by an em- 
inent Hoosier that nothing at all is settled, and I came to the conclusion 
this morning when recapitulation went overboard that perhaps it is so. 
But the records of the Indiana Academy of Science would furnish many 
exceptions to this rule. During these twenty-five years we have been 
settling a considerable number of questions; some of these have been 


settled so effectually that they have never come up again. For instance, 
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many years ago—so many that I have forgotten the exact date—Dr. Jor- 
dan presented a discussion on “Fishing all the way from the Amazon to 
Greenland,” and he said that the number of vertebrze in the fishes of the 
same species always increases with the latitude in which the fish is 
caught. He suggested that he knew no reason for it unless perhaps it is 
that life expresses itself in more vigorous terms at the pole than at the 
equator. But Prof. T. C. Mendenhall offered a theory that was received 
with much applause, and that everyone thought was right. He said the 
North always had more backbone than the South, anyway. (Laughter). 
So that is one question we have settled. 

I remember also that twenty-four years ago our botanist presented to 
us what he was pleased to call a very important question. Several others 
have been presented that were more or less important, but this was 
really important, and it was, in general terms, the development of life 
from the plasmodium to the oak. He referred to the fact that mush- 
rooms—I tried to get his exact words, but we did not publish in those 
days, so this is as I remember it—that mushrooms “are degenerates, mere 
driftwood cast up by the waves of life’s ocean.” Incidentally this idea 
was illustrated by another journey parallel to it, from the Amoeba by way 
of the ascidian to man. In the discussion which followed, our zodlogist 
arose and said the ascidians “are degenerates, mere driftwood cast up by 
the waves of life’s ocean;” so the status of the mushroom and the 
ascidian was settled. 

We really took up some serious questions. I remember that Professor 
Waldo in a wide discussion of mathematical questions, had a good deal to 
say about parabolas, hyperbolas, asymtotes and other similar things; Pro- 
fessor Neff then followed with a paper dealing with the refinements of 
organic chemistry. which he illustrated with what appeared to be colored 
Chalk; all of us were lost some of the time and some of us were lost all 
the time for some hours. This was followed by a glowing vision of crea- 
tion from a Darwinian standpoint. It was an interesting occasion; we 
all understood and took on a benevolent expression. But the many things 
we used to teach that are discarded now were useful in their day. Car- 
lyle says somewhere that the present time is “child and heir of all the 
past and parent of all the future.” and I could not help thinking this 
morning when Prof. Coulter was talking, that as one after another these 


theories have been set aside, there has been a reason for the existence of 
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each one, and it has called into existence something that is better than it 
was itself. Our criticism is constructive. 

I believe scientific men—or at least if you will make it a little broader 
than that, the school-master today is the priest of today; and he is going 
to be the priest of the future. There were some questions submitted to 
the children of the schools in one of our cities; one of them was, ‘*Where 
is Heaven?” In the answers one of the pupils (it was a girl, so there 
could not have been any malice in it) said that Heaven was said to be 
above the clouds, but she added that physical geography teaches that the 
atmosphere is only about forty-five miles high, and that even a very few 
miles up it is probably not possible for anybody to live, so Heaven could 
not be there at all. Whatever that child may have thought that was 
wrong or inadequate about Heaven, it is clear that she believed the things 
her teacher had taught her about the air. He, instead of her minister— 
if she had one—was her priest. 

I happened to be present at the inception of this Society after Amos 
Butler brought it to us, and of course it would be very easy to continue 
these reminiscences; but that is not what the committee asked me to do, 
and I do not intend to do it. But this Society has been a great help to me 
and to all of us, not only in its meetings, but in the rambles we have had 
over all parts of Indiana in our Spring meetings. We went out to Fort 
Quiatanon and hunted beads the Indians had lost at the old trading post 
and were as happy when we found one as the Indians were sorry when 
they lost it; we have gone over the whole State getting acquainted with 
whatever of interest it had to offer. Even at the very first meeting down 
at Brookville, the home of the Academy, we went swimming, and naturally 
got acquainted with ourselves; saw ourselves in a sense in which others 
did not very often see us. (Laughter). These social occasions have been 
the best part to me, after all is said, of the meetings of the Academy from 
the beginning until now. 

I have the pleasant and easy task of introducing first a man who 
needs no presentation to scientific men anywhere; a man who needs ho 
title, but whose titles are so numerous that there would not be time to 
read them. He is an investigator and a teacher, was for a time the pre- 
mier of Indiana teachers. He is an author to whom science owes much 
and man owes more; the man for whom the river Jordan was named. 
(Laughter). Dr. David Starr Jordan, President of Leland Stanford 
University. (Applause.) 


Dr. DAvID STARR JORDAN: Mr. Toastmaster and President, Members 
of the Academy, Ladies and Gentlemen: It is a pretty hard thing to re- 
spond, impromptu, to all that. I only hope there is some of it that is not 
true. It is a very great pleasure to me to get back here, and yet that 
pleasure is not unmixed with a certain kind of pain. I was just remark- 
ing to Dr. Coulter that in the ‘fierce democracy” of this Indiana Academy 
“there was a Brutus once who would have brooked the eternal devil to 
take his seat in Rome” as easily as he would have sat for dinner in a dress- 
suit. But to see this ‘fierce democracy” in the brook at Brookville—it 
gives me a certain sense of pain. (Laughter.) And speaking of Brutus 
calls to my mind Mare Anthony, and I remember an occasion when a gen- 
tleman was called upon to speak, and he had only one speech which he 
said over und over, and just before going in he asked if anyone could give 
him the address of Mare Anthony. <A friend said, “You know Anthony’s 
style of life and the people he associated with; I should think his address 
would be at the same old place.” (Laughter.) 

I saw a statement not long ago by Henry Fairfield Osborn, that he 
did not think it possible for an American University to produce a Darwin, 
and the reasons he gave were that first, he—that is, the student nowa- 
days—did not have to contend in his early life with something that was 
distasteful to him, as Darwin did; second, scientific men do not have the 
appreciation here that scientific men do in England; and third, that the 
scientific men of this country do not have the leisure to become such as 
Darwin was. It does not seem to me that these reasons are very good. 
I do not think, perhaps Darwin did not think, that any appreciable part 
of his greatness was due to the work in the University which he said was 
incredibly dull, and which led him to feel that he would never read a 
book on a certain subject afterwards. And as for appreciation in this 
country, you have just heard how scientific men are appreciated in Indi- 
ana, and it is even so everywhere we go. And so we have this kind of 
treatment, in America, whereas Darwin was named “gas” by his fellow- 
students, because he confined himself more or less to chemical experi- 
ments. And as for leisure, I know a great many scientific men of leisure 
who have never made any pretense to being Darwins on that account. It 
seems to me that Darwin was first made by heredity. There will never 
be another; you cannot get a man of high scientific rank and quality unless 
heredity starts the thing. You have to get the right kind of stock. There 


is no reason why the right kind of stock should not be found in Indiana, 
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for there is such an amount of genius in this State that it spills over into 
all the other States. California is full of it that has been borrowed from 
Indiana, and so with the other States. The first thing, then, is heredity. 
The second thing is to be “up against it.’ We read in history that Dar- 
win went to see horse races and watched them very closely; that he was 
interested in the beetles of England and gathered beetles in season and 
out of season. In other words, with all the scientific training a student 
gets he should be brought right up against nature; against the things that 
do not lie if you listen to what they have to say. Then the third thing. 
We read in the various historical sketches of Darwin that he “walked 
with Henslow,” a man with enthusiasm, and this enthusiasm was passed 
from the teacher to him. I take it, then, that the making of a great man 
of science rests on these three things, and I do not think the other things 
have anything to do with it. I notice a man will do just as much when he 
has not any time, as he will when he has all the time there is. 

Now, I think we have these elements to a greater or less extent in our 
modern Universities. Of course, heredity is not included, but the second 
element, that of coming up against it, is more or less within the power of 
every institution now. There was a time when institutions prided them- 
selves that they did not let the students come up against any scien- 
an A. B. 
—was more interested in the song of the oriole than the students in his 


tific knowledge. There was a time when the University teacher 


classes. But the Universities have recognized that defect. Now, the 
third element, “walking with Henslow.” Jacques Loeb, of the University 
of Chicago, told me awhile ago that he received a very enthusiastic letter 
from a young man who said he wanted above all things to study the 
origin of life, and that he wanted above all things to study under Loeb 
and enjoy his fellowship. Then Loeb wrote back that, unfortunately, he 
had decided to go to California, and the young man wrote back: “Will 
you kindly turn my letter over to your successor ?” 

Now, to a large degree, young men are training themselves wrong. 
Instead of “walking with Henslow,” they are going where they are hired 
for $200 to $500 a year. They are a bar to scientific research, for what 
professor can teach his students to do a thing which he cannot do him- 
self? You may remember in the last number of the Atlantic Monthly, an 
article by Professor Showerman of the University of Wisconsin. The pro- 
fessor had worked for some time on the prefixes in P, of Plautus, he was 
then working on the suffixes in S, of Seneca, to be followed by the termi- 
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nations in T of Terence. The point I want to get at is that this is not 
advanced work, and the student will net gain enthusiasm. I do not think 
we ought to mistake for advanced study this very elemental work, the 
things that are of no consequence, and just so far as we allow our young 
men to do this elementary work, so far will we find them going out as 
teachers without enthusiasm, and saying that it is impossible in this 


country ever to see another Darwin. (Applause. ) 


Mr. DENNIS: The next speaker is a member of the Academy, and has 
been for eighteen years. He came to us from the neighboring State of 
Ohio, and we expect him this evening to bring the greetings of his native 
State to the Academy. He is the gentleman who in his earlier scientific 
career invented the torsion balance. At the present time his specialty is 
fermentation. 

Dr. Alfred Springer, of Cincinnati. 

Dr. ALFRED SPRINGER: Mr. Toastmaster, Ladies and Gentlemen: It 
certainly affords me great pleasure to be here with you this evening, and 
no little gratification to be permitted to address a body of men, many of 
whom have carved their names deeply in the records of scientific achieve- 
ment. The achievements of those of you who have remained at home have 
become household words, and the fame of those who have left the State 
to spread such brightness as only science can convey, has loomed up con- 
spicuously among many brilliant lights. Twenty years ago the American 
Association for the Advancement of Science, in looking over its list of 
eligible candidates, selected from your members T. C. Mendenhall as the 
man worthy to represent it as President. Chairmen for the various 
sections of the American Association have frequently been selected from 
the Indiana Academy on account of the good work they have done. As 
for the General Secretary of the American Association, where could a 
better and more popular one be found than in our own Amos. W. Butler? 
Ile graced that position in 1892, and ornithologically speaking, he was a 
“bird.” (Laughter.) This year the American Association for the Ad- 
vancement of Science has honored itself in selecting one of your past presi- 
dents for its President. No one who knows Dr. David Starr Jordan doubts 
but that he will add additional lustre to its already bright pages. 

Permit me, as a delegate from the Cincinnati Section of the American 
Chemical Society, to congratulate you on the twenty-five years of your 
existence, and to bespeak for the future, if such a thing be possible, 


greater success than in the past. (Applause.) 
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Proressork DENNIS: The program committee wished a man to speak 
for the small college, and it has asked Professor Culbertson to do this. 
He was President of this Academy last year, and it is a fact that he has 
been a member of the Indi:na State Legislature. I cannot understand how 
it came to pass, but will leave that for him to explain—it is true. If he 
occupies six minutes’ time, he has obtained for us through the Legislature 
$100 a minute every year for all of that time, and I think he will be en- 
titled to at least that much. Prof. Glenn Culbertson, of Hanover College. 

PROFESSOR GLENN CULBERTSON: Mr. Toastmaster, Ladies and Gentle- 
men: I shall not attempt to explain how I came to the Legislature. I 
enjoyed the experience very much, but I do not know that I shall care to 
go through it again, so you had better be looking up another candidate 
if you want the appropriation continued two years longer. I was very 
much pleased to hear the expression this morning, but there really was not 
very much difficulty in getting the appropriation. And I want to say this 
in regard to that appropriation, that I did not do anything that was against 
my conscience in attempting to get it. If I had not felt that there were 
good papers presented to this Academy every year that ought to be pub- 
lished in its report, I should not have worked for this $600 additional 
appropriation. 

My subject is “The small college in its relation to the Academy of 
Science.” I think by going back twenty-five years in the history of the 
Indiana Academy of Science, every college in the State would come in 
that class. Since then, of course, some of them have moved forward into 
a higher class. I have been a member of the Academy for some fifteen or 
sixteen years, and it has been a great pleasure to come up here year after 
year to hear the papers read and the discussions entered into. They cer- 
tainly have been au inspiration to me, and I take it they have to every man 
in a small institution in Indiana. We are spread out over a considerable 
territory, and we have a great deal of work to do. Dr. Jordan says that 
the more work a man has to do the more he will do, but it is true that 
if we have a great deal of work along different lines we do not have time 
to put in special work in preparing such papers as we have heard here year 
after year; nevertheless we have all done our part. Of course, we of the 
smaller colleges rather envy a good many of the teachers in larger insti- 
tutions because of their ability and opportunity to pursue their work 


along certain lines, but there are compensations. We get a broader grasp 
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of things in a certain way, and we have certain relationships that are 
very pleasant to us. I will admit that with some of the papers, all I can 
do is to look wise, but I have received a great benefit from a good many 
of them, and have gone back home resolved to understand more fully these 
things that are brought to our notice. 

So far as the work of the small institutions of the State is concerned, 
you have only to look at the program to see that the small institutions 
have done their share in producing the scientific men that have been an 
honor to Indiana. We are very proud of them today. 

I want to thank you for listening to the words I have spoken, but I 
think you can listen to better advantage to those Who are to follow me. 

Proressok Dennis: Mr. Milo H. Stuart, of the Manual Training 
High School, has been requested by the committee to speak on the subject 
of High Schools. He was principal of the High School at St. Paul before 
coming here, and is certainly as well qualified to speak from that stand- 


point as any member of the Academy. 


Proressor Mito H. Sruart: Mr. Toastmaster, Ladies and Gentle- 
men: It is easy to see, in the splendid addresses to which we have been 
listening, why the Academy has endeared itself to the people of Indiana. 
I would be pleased to add other reminiscences if I could do so, but I am 
too late a recruit to make any contribution along that line. 

Coming from the High School field, I naturally think of the work of 
the Academy from that standpoint. As we have heard these inspiring 
addresses today I have been thinking how fine it would be if every science 
teacher of the State of Indiana could have been induced to come to this 
fount of inspiration. I believe he would have gone back to his classes 
with fresh ardor. 

We all remember when we left our Universities and got into original 
work, how great a pleasure it was to feel that we had contributed just a 
little to the volume of knowledge. The compensation that comes from 
that kind of labor is certainly very great, and it seems to me if the teach- 
ers of the State could come into touch with the people who are doing it, 
they would feel their load a great deal lighter. I know they would take 
back to their boys and girls inspiration that would fast make scientists out 
of them. 

This Academy of Science marks its twenty-fifth milestone today, and 


its face is set toward the golden anniversary. I am reminded of the story 
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of the Irishman who said he wished he knew just the spot where he would 
die. His brother asked him what he wanted to know that for, and he said 
if he knew the exact spot, he would spend the rest of his life keeping 
away from it. So I think the Indiana Academy of Science, through some 
of its officials, must have discovered the spot where it might die, and 
started in the opposite direction, and we are twenty-five years removed 
from that place tonight. 

That leads me (with apologies to Tennyson) to conclude by saying, 
that 

Scientists may come and scientists may go, 
But the Academy goes on forever. 

(Applause. ) 

PROFESSOR DENNIS: LHvery word I said in introducing Dr. Jordan is 
true of the next speaker; every teacher in the state would forgive me for 
saying that after Dr. Jordan left us he became our premier. There was, 
however, one difference. Dr. Jordan, as President of the State University, 
had for his rule a motto “Die Luft der Freiheit weht.” 

The students hardly knew what this meant but finally concluded it 
was “No smoking in the buildings.” Prof. Coulter succeeded Jordan and 
the first day he smoked in the office. (He sometimes esmoked in those 
days.) The students made a bonfire of their best hats:—they had had 
but one rule and now they had none. Prof. John M. Coulter, of the Uni- 
versity of Chicago. 

Dr. JOHN M. Courter: Mr. Toastmaster and Friends: All these an- 
cient and new members of the Academy, who have spoken, have about 
exhausted the subjects, and I hardly know where to find myself. One 
thing I had in mind when Dr. Jordan was suggesting that heredity perhaps 
determined in the first place whether a man was going to do anything or 
not, and that things that followed were more or less auxiliary. I remem- 
ber to have heard Dr. Wiley some years ago raise the question why there 
were so many scientific men in this State as well as men who had achieved 
more or less distinction in other callings. He answered it then to his own 
satisfaction. I have never seen it tested, but he concluded that the men 
in Indiana who had made their mark in science or in any of the other pro- 
fessions were the men whose early life had been spent in the most for- 
bidding parts of the State from an agricultural point of view, and that 
there was nothing to become interested in except education. Just how 


many scientific men were lined up in this roll-call, I do not know, but 
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when this State is unable to produce apything else, it can produce dis- 
tinguished men. 

IT suppose a charter member is expected to be more or less reminiscent, 
and there are two or three things that the other speakers have left un- 
mentioned. 

In its early days, twenty-five years ago, this Academy meant a great 
deal to those who were members, and for two or three reasons. I think 
Dr. Jordan and Amos Butler, for example, will bear me out in this. In 
the first place this State science was comparatively new; it was new to 
us, new to the State, and new to the country. We came together as a set 
of young men who were interested in a new thing with a sort of fine en- 
thusiasm with respect to the unknown that is found everywhere. In the 
next place, the instruction in science, with which all of us were more or 
less concerned, was just as new. It was even newer, because in those days 
the position of Science in the colleges we represented was more or less 
doubtful and some of the things we taught were often looked at askance. 
The whole situation in the matter of scientific instruction was in its very 
beginnings. This also gave us a fine enthusiasm, a sort of feeling of com- 
radeship in a campaign. We felt the need of Companionship, and we 
found it in the Academy. We would come here from our various colleges, 
full of enthusiasm, and talk over the problems, and this formed a nucleus 
of sentiment, an esprit du corps that first developed among us, and which 
has since developed and given to the Academy the place it now occupies in 
the State. I think perhaps a feature that sustained us, and that made as 
much for the solidarity of this Academy as any other, was that one of our 
first Campaigns in the State was educational. Science was fighting for its 
life, for a place in the colleges. There was another association that met 
at the same time in Indianapolis, known as the “College Association,” and 
one of the functions of the Academy was to lay plans to assault that “Col- 
lege Association.” I remember distinctly one of the things we had to com- 
bat. There was a tendency to antagonize the intellectual tastes of the 
students in those days, and one of the old professors said he thought that 
the very thing a student needed was the thing he disliked the most. If 
he disliked mathematics, make him take it; if he disliked Greek, make 
him take it. That was one of the educational slogans at that day,—every 
student needs what he dislikes. I have an idea that no one thing could 
have brought us closer together in our community of interest than the 


discussion of these educational questions, 
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But today you are threatened by a danger that we did not encoun cer. 
livery interest brought us together; every impulse was to come here to 
meet friends and associates. Now the tendency is rather the other way. 
We are becoming more and more independent; we are becoming more and 
more narrow; and we are in greater danger of working apart than ever 
before in our history. Many fine men are growing up who have the very 
smallest amount of interest in anything that is going on outside of their 
own field, and as a consequence there is a tendency to segregation which 
I feel to be a thing that must be combated. 

There are two dangers I wish to call to your attention, two dangers 
that reunions of this kind will help to correct. One of these is the matter 
of personality, the kind of personality that can only be developed in con- 
tact with men, that cannot be developed in connection with one’s own 
theories and one’s own way of looking at things. It is the kind of per- 
sonality that influences men and is sympathetic with them, and can only 
be obtained by knowing men, thus gaining a very much wider range than 
is possible within the limits of one’s own field. It seems to me that is one 
of the striking features that ought to be thought of in connection with this 
Academy. Frankly, I think that papers are relatively very unimportant 
things. I never saw very much inspiration in papers. The inspiration 
comes from association with men, and that is the thing to cultivate—this 
opportunity to associate one with another. 

The other thing we are in danger of losing sight of, and which this 
Academy can correct, is the tendency to become narrow in our vision and 
lose our perspective of the whole general field, not only of science but also 
of education. You will find that as scientific men become less and less 
interested in other fields of work, as they grind their own grooves deeper 
and deeper, they become less and less effective as teachers and less and less 
influential with their students. You will find men with broad outlook, 
clear and wide vision, men with sympathy—and men can only get these 


are the 


things by coming in contact with larger fields than their own 
men who win with students. 

These two things we want in these days, men with sympathetic per- 
sonality, with a broad view over science in general, with an appreciation 
of the work of others, and with larger view of education as well. I hear 
that the art of teaching is disappearing. It seems to me that the fine en- 
thusiasm which a teacher must impart to his student, is in danger of dis- 


[5—23003] 


66 


appearing from our scientific laboratories, which are too much in danger 
of becoming mere factories. . 

Your number is so small that you can really know one another and 
can know the work that is being done by one another, and that is just 
the sort of thing you need. You do not need to come here for training in 
science; the Academy is no place for training, it is for association and per- 
sonal inspiration. (Applause. ) 

PROFESSOR DENNIS: Ladies and Gentlemen: Some years ago “plank- 
ton” got into the reservoir of our waterworks at Richmond, and we were 
a unit that we could not get along with it there any longer, and when we 
set out to procure a remedy we found that such a remedy had been worked 
out by a member of this Academy, and this man is the one I will now eall 
on to speak. He is a graduate of Wabash College. THe is the inventor of 
a means of culture for the nitrifying bacteria of the soil, which invention 
he did not patent, but gave to the American people. This puts us all under 
obligations to him. 

Mr. George T. Moore, of the Botanical Gardens of St. Louis. (Ap- 
plause. ) 

In his response Mr. Moore called attention in a humorous way, to some 
of the advantages of scientific knowledge, and in conclusion presented the 
greetings and best wishes of the St. Louis Academy of Science and the 
Missouri Botanical Garden. 

Proressor DENNIS: A number of telegrams and letters have been re- 
ceived since the adjournment, and I will ask Prof. Butler to read them 
now. 

(The letter of Dr. Wiley is appended as it was the basis for action in 


the closing session on Saturday morning). 
WASHINGTON, D. C., Nov. 22, 1909. 


Mr. A. W. Butler, Indianapolis, Indiana. 


Dear Mr. Butler—I have received from you and other members of the 
Academy of Science, cordial invitations to be present at the 25th anni- 
versary meeting, November 25th-27th, 1909. Should I consult my personal 
desires I would surely accept the invitation. Just at this time, however, 
two extremely important cases are in preparation for trial before the 
United States courts, (1) the use of borax in foods, and (2) the use of 
peroxides of nitrogen in bleached flour. I am compelled to give every mo- 
ment of my time to the preparation for these cases, the first one of which 
will be called in the federal court in Peoria on the Sth of December, I 
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therefore am constrained by reason of these public duties to decline the 
invitation to be present at the meeting of the Academy of Science. I want 
to say, however, just one word to the members of the Academy, and that 
is a word of congratulation on the work which has been accomplished by 
the Indiana Academy of Science in the quarter of a century which has 
passed. 

I do not believe that any state association in the country of a sim- 
ilar character has accomplished so much, nor has brought together a band 
of men more devoted to research, more single in purpose and more enthu- 
siastic in the pursuit of scientific truth. Many of the members of the Asso- 
ciation have from time to time gone out into other parts of the country to 
pursue their work in other States. Not one of them, I believe, has lost 
his Jove for the Academy ner parted with his devotion to its cause and 
welfare. 

I have been reading lately some of the early history of Indiana in its 
political and literary development. I should like to suggest that some mem- 
ber of the Society, before the data are scattered and while it is still pos- 
sible to derive from the mouths of living witnesses important facts, should 
write the history of early scientific education in Indiana, beginning with 
the work of the Owens at New Harmony, almost a hundred years ago, and 
bringing it up to the era of the establishment of the new science, say about 
to 1875, or 1880. To write the work of scientific research of Indiana in 
the last twenty-five years would be too much of an undertaking for any 
one man, but the greatest interest would attach to a history of the scien- 
tific development of Indiana from the time of its beginning, or a little after, 
up to the date which I have mentioned above. I feel sure that there are 
enthusiastic and industrious members of the Society who would undertake 
to do this, either by collaboration or by helping some one who would vol- 
untarily assume the burden of the work. Scientific men of Indiana whose 
experience goes back of 1875 might contribute personal recollections of 
scientific development which would prove of intense interest. The scien- 
tific work of the early colleges of Indiana is worth the most careful study 
and would make interesting chapters in the history of those days when 
the study of science was not considered to be a requisite for a liberal edu- 
cation as it is at the present time. The story of the work of such men as 
Rk. T. Brown, EB. T. Cox, Dr. Levette, John Coburn, and others of that class 
would make most interesting contributions to a work of this description. 
At the present time when there is so much interest in the early political 
and literary history of the State it seems to me the scientific history should 
not be neglected. 

I had hoped to present and read some paper of a scientific character 
at the meeting, but as this is not to be, I should like to present in lieu 
thereof this suggestion, which I hope will be given due consideration, be- 
cause if it can be carried out it will be historical as well as a scientific 
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work which will prove of immeasurable interest in the near future, if not 
at the present time. 

Let me close with the hope that this meeting may be all its promoters 
have intended it should be—a feast not only of science but of friendship— 
that it may result in the stronger cementation of the bonds which hold 
the love of the loyal Hoosiers firmly to the State, and excite a pride in the 
scientific work of Indiana which may rival that which so justly exists re- 
specting its literary accomplishments. 

Sincerely, 
H. W. WILEY. 

PROFESSOR DENNIS: The Committee wishes to honor many more mem- 
bers of the Academy by asking them to speak to you this evening, but on 
account of the lateness of the hour we will hive to restrict the number. 
I will now call on our old comrade, Prof. W. A. Noyes, of the University 
of Illinois. 


Proressor W. A. Noyes: Mr. Toastmaster, Ladies and Gentlemen: 
I have been resting very quietly and easily all the evening, not seeing my 
name on the program, and not having the slightest hint that I would be 
called upon. It is surely a very great pleasure to be here, and I would 
like to say just a word about the old times when the Academy started. I 
believe I was one of the charter members, and one of the things I remember 
of that time was the discussion in regard to the name that we should 
adopt. It was finally agreed, if I remember correctly on the recommenda- 
tion of Dr. Jordan, that we should call it the Indiana Academy of Science, 
not the Indiana Academy of Sciences. I think that in his mind and in 
ours, as we selected that name, was the thought that after all there should 
be but one science, which is all-embracing, and I feel that as one of the 
ideals of the Academy it has been of the greatest value to us. As we come 
together in these meetings of the Indiana Academy, we feel that no mat- 
ter how separated our lines of work may be, how different—so different 
sometimes that we can understand but little of each other’s language— 
yet after all we are simply working in different parts of one great whole 
of scientific knowledge, and that it is our place to look at our part, our 
field, as merely one part of the whole, all parts of which may in some way 
or other touch our own. And this opportunity of seeing, of catching even 
a little glimpse of this work that is so far removed, perhaps, from our own, 
and the acquaintance of these men who are working in the different fields, 
is, it seems to me, one of the features of greatest value in these friend- 
ships and associations which we have made here in this Academy. 
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PROFESSOR DENNIS: We shall now hear from Professor Charles W. 
Greene, of the Uinversity of Missouri. 

Pror. CHARLES W. GREENE: Mr. Toastmaster: It seems rather un- 
fortunate that a man such as I, of no ability as a speaker, should be 
ealled upon, but I will do the best I can to express the feeling of enthusi- 
asm and encouragement this meeting has given me. It has been a great 
pleasure to meet so many friends and to recall old times when the Aca- 
demy first began, the time when at DePauw, through the genial personality 
of Professor Jenkins, we began to catch the scientific spirit. I remember 
my first meeting with the Academy was at Greencastle. We went out on 
a field excursion and we younger men were brought into intimate con- 
tact with the stimulating personal enthusiasm which always characterizes 
Indiana scientists. 

I think one of the features of this meeting has been the showing of 
the great tolerance that has been developed in our scientific lines of 
thought. Dr. Coulter showed us that this morning. It is certainly very 
encouraging to the physiologist to learn that in the life of the plant, in 
its growth from the plasmodium, it is not predestined to go through any 
fixed and inflexible schedule of development. I felt at the time that prob- 
ably the calm cold conservatism of morphology was yielding to the seduc- 
tive charms of physiology as expressed in environment, that a new era in 
botany was still possiblie to us. That was not the old botany but a 
glimpse of the new. 


Proressor DenNISsS: Dr. Evermann for a long time a member of the 
Academy is with us and will tell us what members of the Academy are 
doing in Washington. He represents the Atlantic here as Dr. Jordan the 
Pacific. He gave us last night an account of a fishing trip to the ‘*Tiptop 
of the United States” but he did not produce his ‘‘vecords or his instru- 
ments” or even his fishes; he gave us only fish stories. Perhaps he has 
the real article with him this evening. Dr. Barton Warren Evermann of 


the U. S. Fish Commission. 


Dr. Barton W. EyeERMANN: Mr. Toastmaster and Amos Butler—or 
the Indiana Academy—they mean the same thing. I have been looking at 
this program ever since I came into the recom, and I notice what my friend, 
Dr. Coulter, also noticed, and mentioned in his remarks—the toast imme- 
diately following my name, which I fear bears some relation to what I 


have already said or what I my say in this meeting. “Lord, Lord, how 
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this world is given to lying!” But I am glad Dr. Coulter noticed this and 
put in a disclaimer, thus relieving me to some extent of the suspicion that 
my fish stories were the only ones in mind. 

I would like to say a word regarding those of the Indiana Acade- 
my who are now in Washington, and to tell you something of what they 
are doing. I noticed, perhaps you noticed, in a recent magazine, a long 
article on ‘The Plunderers of Washington.” There were a dozen or more 
of them, and I am glad to say to you that there was not among these 
plunderers who were pictured in this article, any Washington member of 
the Indiana Academy. We all escaped that distinction at least! I think 
I can also say that no member of the Indiana Academy in Washington has 
been seriously involved in the Cook-Peary controversy. We have kept 
clear of that, also. If there is anything the Indianian learned long ago, it 
is to take care of himself and not to get into embarrassing situations need- 
lessly. So in this case the members of the Indiana Academy have read the 
very interesting article by George Kennan in the Outlook which proved 
very conclusively that Dr. Cook did not have more than one-tenth of the 
pemmican necessary to enable him and his dogs to reach the North Pole. 
They took that for what it was worth, and waited for something further. 
Then in another magazine some man from the West had the whole thing 
figured out, showing that Kennan had Cook’s dogs continuing to eat 
pemmican at the rate of a pound a day even after they were dead and the 
Indiana Academy people in Washington hope Kennan may be able to ex- 
plain why and how they did such an unusual thing. 

Several of your friends in Washington are engaged in very interesting 
work which has an important bearing upon matters in this State. Our 
good friend, Dr. Wiley, the most distinguished Washington member from 
this State, is still continuing his pure food work and trying to answer the 
question “What is whisky?’ Dr. Hay, a former President of the Academy, 
and now in Washington, is trying to determine, no doubt for the benefit of 
the Academy, the age of the Ceratops beds in Wyoming, Idaho and Mon- 
tana. 

One matter that I think will be of some interest to you here in the 
Mississippi Valley, is that the Bureau of Fisheries is establishing a bio- 
logical station at Fairport, Iowa, in the interest of pearls and the pearl 
button industry, a matter which will appeal to the ladies. There was es- 
tablished some few years ago a small button factory at Davenport. <A 
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German came over and saw the great numbers of mussels in the Mis- 
sissippi River, and thought they might make good buttons. He began ex- 
perimenting and soon demonstrated that they were well adapted to this 
purpose, and now more than fifty thousand tons of these fresh-water mus- 
sels are used annually. This is a greater quantity than natural produc- 
tion can supply. The supply, of course, cannot keep up. Fifty thousand 
tons a year will soon use up the supply. The Bureau of Fisheries realized 
the possibility of an early depletion of the supply of shells and arranged 
with Professors Lefevre and Curtis of the University of Missouri to ex- 
periment and see if they could not develop a method for the artificial prop- 
agation of fresh-water mussels; and they have succeeded, so that the 
propagation of fresh-water mussels will soon be an easy proposition. Con- 
gress made an appropriation for a biological station in which these experi- 
ments may be carried forward. We have acquired sixty-five acres of land 
at Fairport, and the construction work is now going on at that place. It 
is the ambition of those who are particularly interested in that station to 
see there a station which will appeal to every biologist in the Mississippi 
basin. We want to make it a fresh-water biological station where any bi- 
ologist of the Mississippi Valley or elsewhere may go and find the facili- 
ties and material fer the study of any fresh-water biological problem in 
which he is interested; and the Bureau of I-isheries not only hopes you 
may avail yourselves of the advantage of the station when completed but 
most cordially invites you to do so. 

Again on behalf of the Washington contingent I extend greetings to 


the Indiana Academy of Science. I thank you. 


PROFESSOR DENNIS: I hope you will permit me to take another min- 
ute. Reference has been made again and again to the large number of 
splendid men who have gone out from this Academy. It would be equally 
proper to refer to the large number of valuable men who have come into 
the Academy. Reference was made this morning by Mr. William Watson 
Woollen to the fact that the Audubon Society was an offspring of this Aca- 
demy. I am sure the mother of that Society was necessity, and the father 
of that Society as well as of this was Amos Butler. I ask now that the 
Academy stand, and drink the health, in cold water, of Amos Butler, the 


father of the Indiana Academy of Science. (Applause.) 


MINUTES OF THE TWENTY-FIFTH 
ANNUAL MEETING 


Indiana Academy of Science 


CLAYPOOL HOTEL, INDIANAPOLIS, INDIANA, 


Nov. 25, 26, 27, 1909. 


Friday Morning, November 26, 1909. 

Meeting called to order by the President, Dr. A. L. loley. 

Reading of the minutes dispensed with. 

Dr. Forty: We will now have the minutes of the Executive session 
of last evening. 

ASSISTANT SkEcRETARY BiaNrEy: The Indiana Academy of Science 
met in the Claypool Hotel at four p. m., November 25th. Hleyen members 
were present and several visiting members of the Academy. 

Members present were: A. L. Foley, President; J. H. Ransom, Secre- 
tary; A. J. Bigney, Assistant Secretary; Robert Hassler; John S. Wright; 
Carl L. Mees; W. S. Blatchley; M. B. Thomas; C. H. Higenmann; A. W. 
Butler; D. S. Jordan. 

A. L. Foley, President of the Academy, in the chair. 

The report of the Committee on the 25th meeting, by A. W. Butler, as 
printed on program, with several additional papers, was read. 

G. W. Benton, J. S. Wright and J. W. Woodhams reported that all 
plans for the banquet had been made. 

Membership Committee made no report. Report of State Library 
Committee was made by J. S. Wright. He stated that the Proceedings of 
the Academy were being cared for in good order and that many yolumes 
had been bound. 

No report from Committee on Weeds and Diseases. 


No report from Directors of Biological Survey. 


No report from Committee on Relations to the State. 

Committee oi Distribution of Proceedings reported through J. 8S. 
Wright. All work had been performed. 

Editorial Committee, by H. L. Bruner, reported work done as ordered. 

Report of Secretary on non-resident list was taken up. On motion 
it was decided to place only those members on the non-resident list who 
had done work of marked credit to the Academy. The list was passed 


on by the Executive Committee. 


Deaths of Dr. Gray and W. H. Ragan reported. Committee on Reso- 
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lutions appointed, consisting of C. L. Mees, A. W. Butler and G. W. Benton. 

Bills of expense were reported by A. W. Butler. They were referred 
to Auditing Committee. 

Foreign Exchange list ordered to be revised and printed in next re- 
port. 

Summer meeting to be passed on tomorrow. 

Committee on Fellows also to consider a list of Honorary Fellows. 

It was voted to place $25.00 at the disposal of the Secretary for his 
official duties. 

Resolution from California Academy of Science read. 

Dr. Jordan extended greeting from the California Academy of Science, 
and thanks for books. 

Committee of two on Fellows was ordered to be appointed by Academy. 

Motion that the chairmen of Committees be retained, committees to 
be filled by chairmen. 


Auditing, Membership, Program and Nominating Committees not to 
be covered by previous motion. 


On motion G. W. Benton was chosen as another Assistant Secretary. 


Adjourned. 
J. H. RANSOM, Secretary. 
A. J. BIGNEY, Assistant Secretary. 
(Report adopted as read.) 
Dr. Fotry: I will now call on Mr. A. W. Butler to make a statement 
in regard to this meeting of the Academy. 
Mr. A. W. Butter: Mr. Chairman, and Members of the Academy: 


The program as printed, and which I suppose the most of you have in 


~! 
On 


your hands, has on it a list of sixty-three papers. There are six additional 
papers which have been added. One of these, a paper by Prof. M. B. 
Thomas, was omitted from the original list. The additions are as fol- 
lows: 

“The Wood Lot,’ M. B. Thomas. 

“The Nasal Muscles of Vertebrates,” H. L. Bruner. 

“Streamers that Show Reversal of Curvature in the Corona of 

T3955 Je AY Maller: 
“On a New Complex Copper Cyanogen Compound,” A. R. Middle- 


ton. 
“Determination of Hndothermic Gases by Combustion,’ <A. R. 
Middleton. 


“That Hrroneous Hiawatha,” A. B. Reagan. 

This brings the number of papers up to sixty-nine. 

At the conclusion of the business of the meeting there will be re- 
sponses from other State societies, some six or eight in number. 

The program as printed indicates a banquet this evening, to which 
attention has been called, and the program for which will be announced 
later. ; 

The program for tomorrow morning is also printed here, including 
four principal addresses, and suggestions as to plans for the Academy. 

I want to say in behalf of the Committee on the Twenty-fifth Anni- 
versary that we have been very much gratified by the interest that has 
been taken by the educational and scientific societies throughout the State. 
The Indiana Medical Association, the Historical Society, the Teachers’ As- 
sociation, and a number of other associations have by formal resolution 
recognized this twenty-fifth meeting, and several of them have appointed 
delegates to attend the meeting. 

I would also like to call attention to the fact that we have had a 
very large number of congratulatory letters on the period we have ar- 
rived at in the history of this Society, and there are three I would like to 
call attention to. One is from one of the ex-Presidents whom we always 
delighted to honor, Mr. T. C. Mendenhall. He is at present in Europe in 
search of health, and as he cannot be present, sends his congratulations. 
Also a letter from Professor Goss, of the University of Illinois, who had 
expected to be present until he found that this date is the same as that 
of the dedication of their new Physics building, so he could not come. 
Also one from Prof. Kingsley, of Tufts College, Mass. These three letters 


are particularly earnest and cordial in their words of greeting. 


76 


We hope you will find everything arranged for your comfort and con- 
venience, and beg to assure you that if anything has been overlooked or 
if there is anything you do not like in connection with the arrangements, 
we are sorry that such is the case. The Committee tried to do its best. 
(Applause. ) 

Dr. Fotey: I will new eall for reports from the different standing 
committees. 

Program Committee, Mr. W. J. Moenkhaus, chairman: (This report 
included in the statement of Mr. Butler.) 

Membership Committee: 

(Moved and seconded that the Secretary cast the ballot of the Academy 
for the names read. Carried, and persons declared members upon sign- 
ing of the Constitution and payment of dues.) 

Treasurer’s report, Mr. W. A. McBeth, Treasurer: 


To the Indiana Academy of Science: 


Omahands*.1ast VEPOUbas «xtc steercrerretavete siete eles ews ino wiie $424 39 
Received dues and fees for 1909.................00> 95 50 
$519 89 
Expended as per receipts and vouchers.............. 118 67 
BS SIAMICE ROMANE cyecis <u cietate ee AEN oreo, crave eietarerene $401 22 


The papers and vouchers are ready for the Auditing Committee. 

W. A. McBETH, Treasurer. 

State Library Committee, J. S. Wright, chairman: (Postponed until 
later, when State Librarian Brown will make the report.) 

Committee on Restriction of Weeds and Diseases: No report. 

Directors of Bioligical Survey: No report. 

Relations of Academy to the State: No report. 

Distributions of Proceedings, J. S. Wright, chairman: 

Mr. Wrienr: There is no special report to make. The Committee 
has the work in hand. We are now engaged in compiling a domestic ex- 
change list. 

Committee on Election of Fellows: Passed. 

Report of Advertising Committee: (Included in statement of Mr. 
Butler.) 


Report of Editor: 

Mr. H. L. Bruner: The Proceedings for 1908 were published in the 
usual form. Each contributing author also received one hundred free re- 
prints of his own article. (No reprints of abstracts were furnished.) The 
financial part of my report is as follows: 


Balance in, State “Preasury from: W908 <3... ..- i ae -e S244 9S 
AM PLOPELAtOn fOr fiscal yeat 1O0O* =<). cere cc ale \<'2) ele «le ee OOO OC) 

WWotaleas cs setae Soe ee As a ee oe seein aie amare Mees $844 98 
Cost of Proceedings for 1908 ~...... a arahle tic sperma ani too. le 
Gosteor reprints forel90S 2.2.2... AR eA Ey CIC BOOS a 85 68 

ROGAN ayers are Soop eer eto cier ees er tegelas eee Seon ME ee cae 524 42 

A — 

Balancesavailable: tor fiscal sy ean: WO: eerste cle ee see le $320 56 
INDIO indie TCA avery ION Goocbcocapogudbonnboce 1,200 00 


Total available for printing the Proceedings of 
OOO eee a aise apiece Sane oes Paty len he mate Peterlee $1,520 56 

I wish to call the attention of the members of the Academy to one or 
two matters. First in regard to the editorial statement on the program. 
We desire that papers be in the hands of the editor or secretary as early 
as possible, in order that the Proceedings may be gotten out more promptly 
than last year. Reprints will be furnished of all papers printed, excepting 
abstracts, and these may be furnished, if request is made. ‘These re- 
prints are paid for by the State Printing Board. 

I desire to ask for suggestions as to changing the style of binding and 
improving the quality of the paper for the coming year. 

I would also ask that each one sending a paper for publication should 
give his address on the paper, sc proof can be sent and the reprints 
mailed. This is a very important thing and I hope it will not be over- 
looked. 


Dr. Forty: Does anyone have any suggestions to make? 

Mr. J. S. WriguHtT: I am sorry to occupy so much time on the floor 
this morning, but I feel there is one thing that should be recognized, and 
that is the fact of the service rendered the Indiana Academy of Science 
by the past President, Mr. Glenn Culbertson, who succeeded in doubling 


the amount of money available for publishing. We now have $1,200 per 


* The fiseal year 1909 began Oct. 1, 1908, and closed Sept. 30, 1909. 
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year, as against S600 before Mr. Culbertson took this in hand. I think 


this Academy owes him a debt of gratitude. (Applause.) 


Dr. Fotey: I wish to second what Mr. Wright has said. I also wish 
to point out another fact, that formerly any money left reverted to the 


State, while now it can be carried over until the next year. 
Are there any other suggestions? 


Mr. M. B. THomas: It seems to me it would be best to improve the 
quality of the paper and printing. and possibly of the illustrations, but that 
this matter should be left to the Committee on Printing, of which Prof. 
Bruner is the chairman. 

(Taken by consent.) 

Mr. Wricut: I move that the Academy extend a yote of thanks to 
Mr. Culbertson for his unusual service. 

(Seconded and carried.) 

Report of Resolutions Committee: No report at this time. 


Mr. G. W. Benton: I would like to suggest that the Academy is 
under obligations to the press of the city for courtesies extended, in giv- 
ing us column after column of space for advertising this meeting. We 
have been unusually privileged in this regard, and I think it is proper and 
courteous that we should recognize it in some definite way. Therefore I 
move that we extend a vote of thanks to the press of the city for courte- 
sies extended to the Academy in announcing this Anniversary meeting. 

(Seconded and carried. ) 

Dr. STANLEY CouLTerR, (for the Membership Committee): It seems 
to me it would be remarkably pleasant if we could mark this twenty-fifth 
anniversary by a large increase in membership, and if you will see that 
applications are in the hands cf the committee some time during the fore- 
noon, we will report on them at the afternoon session, so the neophytes 
will have the feeling that they are full-fledged members. 

After an anouncement by the Treasurer in regard to payment of dues; 
and another by Mr. Benton regarding the banquet tickets, ete., Dr. Foley 
called on Mr. D. C. Brown, the State Librarian, to report in regard to the 
Academy and its relation to the State Library. 

Pror. D. C. Brown: I am not a member of the Academy of Science, 
but as State Librarian I made an agreement with the Academy of Science 


by which the State Librarian is to classify, catalog and shelve the docu- 
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ments and reports belonging to the Academy, making them subject to re- 
moval by any members of the Academy, and subject to reference by the 
public. I am very greatly interested in having the State Library the 
center for reference of the entire State on every subject, and by the agree- 
ment made with the committee of your Academy two years ago this work 
has been begun and is progressing fairly well. 

The agreement was that the catalog department of the State Library 
should, as fast as possible and as fast as funds would allow, proceed with 
this work. Up to the present time we have classified, cataloged, and 
made analytical catalogs of 148 volumes of domestic reports and 96 for- 
eign reports, Making a total of 2839 volumes. These have all been bound, 
and there are about one hundred yolumes at present ready to go to the 
bindery, some foreign and some domestic. These volumes are systemat- 
ically cataloged and at the present time I have had them all bound alike 
in good buckram, with a certain kind of label on the back, with “Academy 
of Science” at the top and the library call number at the bottom. Inside, 
a label showing to whom the book belongs, and that it can be borrowed 
cnly by the members, but used for reference by the general public. I am 
not quite sure that it is advisable to bind all these books in exactly the 
same way, but it makes them easily understood when on the shelves. 
Members can tell instantly that that book belongs to the Academy of 
Science. A separate card list is also made in pencil and ink, and easily 
accessible at any moment. 

I fancy you all understand that the binding is paid for by the library, 
with the understanding that if the Academy ever withdraws the books it 
must pay that amount, so the bills for binding are kept separate, and the 
pubiic has the use of the books. The Academy would also have the right 
to have the cards that are made showing the books properly cataloged. 
Whether that will ever come, I do not know. 

I am struggling as best I can for a State Library and Historical 
Museum, in which all the valuable records and scientific reports of the 
State can be kept, and in making the argument for that I have said that 
the Academy of Science would help. 

I do not know that I can make any further statement about it, only to 
have it known to you that the reports are cataloged now about as fast as 
they come in. I have one request to make—that we may have a definite 


and correct list of your foreign exchanges, your domestic exchanges, and 
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your membership. I have had considerable trouble about that, but have 
worked it out fairly well so far. The foreign exchanges are made through 
the Smithsonian Institute at Washington. The files of the reports sent to 
members are paid for by the Academy. ‘The library pays for the others, 
and through the library they are distributed. 

I am very anxious that the members come to the library, as their 
coming there to use these reports will make it known to the public that 
the reports are there and can be used. 

I believe I have nothing further of interest, but I am very anxious to 
see you in the library. (Applause.) 

Dr. Fotey: I am sure I voice the sentiments of the Academy when 
I thank our Librarian for the efforts he has put forth in getting the 
Academy library in good shape, available for use. 

The program calls for greetings from the various other scientific so- 
cieties after the addresses of the morning. I am informed, however, 
that Mr. Brossmann, representing the Indiana Engineering Society, is here 
and cannot remain, therefore I will call upon Mr. Grossinann at the present 
time. 

Mr. Brossmann’s address will be found in full on page 44. 

Dr. Forty: I might ask if there are any other representatives of 
societies here that cannot remain during the period. If so, we will have 
the greeting at this time. 

There is just one other point that might be taken up at this time, 
and that is the question of a summer meeting. The question was men- 
tioned at the Executive Committee meeting last evening, but was not 
settled. Are there any suggestions as to whether we shall or shall not have 
a summer meeting? I think the Program Committee would like to have 
an expression from the Academy. It does not wish to announce a meet- 
ing unless somebody meets. On the other hand, it does not wish to dis- 
continue this meeting if it is the desire of any considerable number of 
members to continue them. What is the wish of the Academy? 

If no one has any suggestions, I will call on Dr. S. HE. Earp, who fears 
he may not be able to remain during the entire morning, to respond for 
the Indiana Medical Society. 

Dr. Earp’s remarks will be found in full on page 40. 


(Mr. P. N. Evans, Vice-President, in the chair.) 
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Mr. Evans: We will now proceed with the regular order of busi- 
ness, and will hear the President’s Address by Dr. A. L. Foley, of Bloom- 
iigton. 

Dr. Foley’s address will be found on page 89. 

Following the President’s address: 

Mr. Hyans: LHyvidently this chair should be occupied by a physicist 
instead of a chemist, so I will vacate in favor of Dr. Foley. (Applause. ) 

Dr. Forty: It now gives me great pleasure to introduce one who 
needs no introduction, Dr. John M. Coulter, of Chicago University, who 
will speak to us on “Recent Progress in Botany.” (Applause. ) 

Dr. Coulter’s address will be found on page 101. 

Following Dr. Coulter’s address: 

Dr. Fotry: You will note from the program that Dr. Harvey Wiley 
was to have been here this morning to address us. I understand Dr. 
Barnard has a letter from Dr. Wiley. We would be glad to hear from 
Dr. Barnard. 

Dr. H. EH. BARNARD: Mr. President, I just this morning received a 
communication from Dr. Wiley, in which he said he was engaged in the 
preparation of a very important case involving one of the basic principles 
of the Pure Focd Law. He said if he came on here for four days, he did 
not know what would happen to the case, and that while he would be 
with us in spirit and thought, it would be impossible for him to leave his 
work in Washington to attend this convention. He sends to you his best 
wishes and hopes for a successful meeting. 

Dr. Fotrty: You will note from the program that we now have greet- 
ings from several associations, scientific and otherwise, who have sent 
delegates to this association at this time. I will call first for the Indiana 
Teachers’ Association, through its President, Mr. Geo. W. Benton. 

(See page 39.) 

Dr. Fotry: We will now hear from the Indiana Branch of the 
American Chemical Society, through Mr. R. B. Moore. 

(See page 42.) 

Following the various society greetings the Academy adjourned until 
2:00 p. m. 


[6—23008 ] 
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Saturday Morning, November 27, 1909. 
Meeting called to order by President Foley. 


(After asking the members who had not already done so to leave their 
names at the desk, so that a complete list of those in attendance at this 
meeting might be obtained, Dr. Foley called for the report of the Commit- 
tee on Resolutions, Mr. C. L. Mees, chairman.) 

For this report see page 24. 

(Moved and carried that the report be adopted. ) 

Dr. Fotry: It seems to me that the Academy is under great obliga- 
tions to the Program Committee, especially to Mr. Butler, and I think a 
vote of thanks to this committee would be in order. 

(Moved and carried that a vote of thanks be extended to the Program 
Committee, especially Mr. Butler, for the great amount of work that has 


been put on the progrsi. ) 


REPORT OF NOMINATING COMMITTEE. 

President, P. N. Evans, Lafayette. 

Vice-President, Chas. R. Dryer, Terre Ilaute. 

Secretary, George W. Benton, Indianapolis. 

Assistant Secretary, A. J. Bigney, Moores ITill. 

Treasurer, W. J. Moenkhaus, Bloomington. 

Editor, H. L. Bruner, Indianapolis. 

(Moved and carried that the report be accepted and that the Secretary 
cast the ballot of the Academy for these offcers.) 


REPORT OF AUDITING COMMITTEE. 

We have gone over the vouchers of the Treasurer, the Program Com- 
mittee, and the Editor's Report, and find the sums have been done cor- 
rectly. 

W. J. MOENKHAUS, Chairman. 


(Moved and carried that the report be adopted. ) 


REPORT OF COMMITTEE ON MEMBERSHIP. 
Thirty-five additional names reported. 
Applicants for Membership elected by vote of Academy, 1909. 


Mommas Billings, 8). . 6. occ. os oe ce ees eS NV eSbmluatayeues 
LOG Well Gy hon (Mieka eercnys pean ee Ib tanaterek Russellville. 


Earl Rouse Glenn 
A. A. Bourke 
Geo. Hall Ashley 
James Persons Dimonds.. 
Guido Bell 
Florence Anna Gates 
Oscar William Silvey 
James BH. Weyant 
John W. Woodhams 
Melvin Knolen Davis 
i. Kate Carman 
Paul Anderson 
Howard J. Banker ...... 
Charles Alexander Vallam 
Thad. S. McCulloch 
Frank Karlston Mowrer . 
BH. M. Deem 
Milo H. Stuart 
Charles Ruby Moore 
L. R. Hesler 
Martha Hunt 
Brenton L. Steele ....... 
Alfred Theodore Wianco 
Walter W. Hart 
Ira ©. Trueblood, Miss... 
Luther Cornelius Weeks . 
Fermen L. Pickett 
William Logan Woodburn 
Roscoe Raymond Hyde .. 


Chas. M. Cunningham, Dr 


Mason L. Weems 
Edward N. Canis 


G. A. Osner,....-. eS PAO 


Frederick W. Gottlieb ... 
Geo. T. Moore 
Samuel E. Earp 
Jo He, Clark 
Leslie C. Nanney 
Everett W. Owen .......- 
Geo. Spitzer 
GeO. Nee EROIMGI Merenere cae eters 
Julius Wm. Sturmer 
Virges Wheeler ........- 
Harry F. Dietz 
Chas. Brossman 


Brookville. 
Hdinburg. 
Indianapolis. 


. Washington, D. C. 


Indianapolis. 


. Wabash. 


Bloomington. 
Indianapolis. 
Indianapolis. 
Terre Haute. 
Indianapolis. 
Crawfordsville. 
Greencastle. 


. Indianapolis. 


Crawfordsville. 
Marion. 
Frankfort. 
Indianapolis. 
West Lafayette. 
Crawfordsville. 
Indianapolis. 
Bloomington. 
Lafayette. 
Indianapolis. 
Greencastle. 
West Lafayette. 
Bloomington. 
Bloomington. 
Terre Haute. 
Indianapolis. 
Valparaiso. 


. Indianapolis. 


Crawfordsville. 
Morristown. 

St. Louis. 
Indianapolis. 


Bedford. 
Indianapolis. 
West Lafayette. 
West Lafayette. 
West Lafayette. 
Montmorenci. 
Indianapolis. 
Indianapolis. 
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Bee NDS. TAT OT TU UTTL Ge topo te ee co 0s Poe oats aac vere eked Indianapolis. 
Chass Stiltz, MED s4.. a winters tetote  ee South Bend. 
SACO! Pe NOUNG, Sr oregerctars taeeienatelerorserere Huntington. 

Je MES Via El OOK es raavcne bras 30% orctotenee Bloomington. 
Willian Mile aker vice deur ae erdbte cece Red Key. 

Wim, Reynolds, Butler i. ci0-seenca eee Indianapolis. 

Wes Hics anikinee oe seieaete crete seo ae Ithaca, New York. 
Omer Co BOyer  eieetiecale ton. Ae ease Lebanon. 

W. M: Blarichard ....22).-- aa oi oe Greencastle. 


(Moved and carried that the Secretary cast the ballot of the Academy 
for these names, and that the persons be considered members after paying 
fees and signing the Constitution.) 


Dr. Fotry: I should like to bring up a matter at this time which 
was brought up yesterday. but we could not get an expression from the 
Academy. That is, in regard to the Summer meetings. Does this Academy 
want a Summer meeting? I think the Program Committee would like to 
have an expression from the members. 


Dr. STANLEY CoULTER: I want to say that in twenty-five years’ mem- 
bership I have found that the Summer meeting is equivalent to about three 
Winter meetings in the way of uplift and encouragement. Of course, one 
of the objections is that a good many members—mathematicians, chemists 
and physicists—would not be specially interested in these Summer meet- 
ings. I would very much regret to see the Summer meeting abolished. 
If, however, it does not seem feasible, I presume it might be dropped. I 
move that the Program Committee be instructed to proceed with plans for 
the Summer meeting, and if in their judgment the signs are not favorable 
for a session, they be authorized to drop it. 


W. A. McBeru: I want to second that motion. I remember with 
great pleasure the Spring meetings. I made it a point to attend them reg- 
ularly, and through the fact that we had Spring meetings I have visited 
sume very interesting points in Indiana which are hard to get to unless 
you particularly go there. The town of New Harmony was one of these 
places; it is full of historical associations. We went to Madison, to Bloom- 
ington, to many of the caves, and to various other points throughout the 
State where we would probably not have gone if it had not been for this 
particular attraction. Now, my own way of thinking is that if we would 
resolve to go to these Spring meetings they would be worth two of the 
Winter meetings to those who go. I am heartily in favor of resuming the 
Spring meetings. 


(At the suggestion of Mr. Butler a standing vote was taken, which re- 
sulted unanimously in favor of resuming the Spring meetings. ) 

Mr. Butter: Mr. Chairman. We have a telegram of greeting from 
the Ohio Academy of Science, and I move that the Secretary be instructed 
to telegraph the greetings of the Indiana Academy in return. 

(Taken by consent.) 


Mr. Butter: In reference to the letter from Dr. Harvey Wiley read 
at the banquet last night, I move that a committee, consisting of Stanley 
Coulter, Harvey W. Wiley and C. H. Higenmann be appointed to see that 
the suggestions in Dr. Wiley’s letter in regard to obtaining some one to 
prepare a history of early science in Indiana, are carried out. 

(Seconded. ) 


J. H. Ransom: I would like to amend that by adding Mr. A. W. But- 
ler’s name to that committee as a fourth member. 
(Seconded. ) 


STANLEY CouLtTer: I suggest that Mr. Butler be the first member in- 
stead of the fourth. 


Mr. Butter: I think the purpose of the committee is simply to study 
the situation, and a smaller committee is better than a large one. The three 
first chosen are the proper members and would be able to do the work 
better than a larger committee. 

(Amendment put and carried; motion as amended carried.) 


Mr. Butrter: I move that the Treasurer and Secretary be directed 
to notify all delinquent members that the constitutional rules against such 
will be enforced, by order of the Academy. 

(Seconded and carried.) 


Mr. Buriter: Another matter I think should be acted upon by the 
Academy. The Editor this year has not put in any bill for expenses, and 
the expense of editing the Proceedings will probably be larger next year, 
I move that an appropriation of $25 be allowed the Editor for the ex- 
penses of this year and the year coming. 

(Seconded and carried.) 

Mr. J. S. WrigHT: In view of the fact that the Academy has received 
many favors from the Claypeol Hotel in giving us this room without 
charge, and a room for the section meetings, and other courtesies, I move 


86 


that we extend a vote of thanks to the management of the Claypool Hotel 
for courtesies shown the Academy. 

(Seconded and carried.) 

Dr. Fotry: We will now take up the program of the morning. The 
first number is an address by Dr. B. W. Evermann, of the U. S. Bureau of 
Fisheries, on “Federal Control of International and Interstate Waters.” 

For Dr. Evermann’s address see page 119. 

Dr. Fotey: The next paper is by Prof. Charles W. Greene, of the 
University of Missouri, on “The Speed of Migration of Salmon in the 
Columbia River.” 

An abstract of Professor Greene’s address is given on page 125. 

Dr. Fotey: The last paper on the program, “Some Hoosier and 
Academy Experiences,” is by C. A. Waldo, of the Washington University, 
St. Louis, but Mr. Waldo is not here. The first paper, “Methods and 
Materials Used in Soil Testing.’ is by H. A. Huston, of Chicago. Mr. 
Huston is not here, but his paper is, and it will take about fifteen minutes 
to read it. It is contrary to precedent that a paper should be read by 
anyone but the author. However, the Academy can change that, of course. 
at will. What shall we do with this paper? 

(Moved and carried that the paper be read.) 

For Professor Huston’s address see page 111. 

Dr. Forry: I am sure the members of the Academy would like to 
hear from anyone who has any suggestions to offer. This completes the 
list on the program, but we will be glad to hear from anyone else. 

If you will pardon me, I would like to make a suggestion or two, one 
of which was made to me last evening. 

Those of us who are members of the American Association know that 
when we register there, a number is given us corresponding to the name, 
address and business of the member. So all we need to do to find any 
man’s pedigree is to refer to the number in the list, which is the registra- 
tion list. Now, it seems to me that some scheme like that might be an ad- 
vantage in connection with this Academy, so that any member can find 
out who the other man is. I know I am introduced to people a half-dozen 
ata time, whom I cannot place and name a few minutes afterwards. A great 
many people I find are like to me in that respect. We cannot associate 
names and faces after having been introduced to three or four persons at 


once. Perhaps some sort of a scheme might be adopted to advantage. 
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Another thing is that this meeting is the largest that we have ever 
had during my connection with the Academy, and the reason is evident. 
We have had men of national reputation to address us. I do not think 
this large attendance comes from the fact that this is an anniversary meet- 
ing, but from the fact that the program has been made worth while by 
having men who will draw people to the meeting. 

You will note that the State is now doing our printing; we do not 
have to pay that ourselves, and you will note from the Treasurer’s report 
that we have some money and that we are going to get more money, and 
we have nothing particular to de with this. Now, it seems to me that the 
Program Committee might arrange to bring one or two speakers here each 
year, speakers of national reputation, and spend some of this money for 
their expenses. If we could have some such program as we have had this 
year every year, with men like Dr. Jordan, and Dr. Coulter and Dr. Wiley, 
there is no question but what we would have a large attendance, and I 
think our funds will justify that. I merely offer these as suggestions. 

H. L. Bruner: As editor of the Proceedings I would urge the impor- 
tance of getting the manuscripts in as soon as possible. The fact that the 
Proceedings were late this year is due largely to the tardy reception of 
the papers by the editor. If the members, will turn over their papers 
promptly, I will see that they get into the hands of the printer as early as 


possible. 


Dr. Forty: I want to second what Mr. Bruner has said. I was 
Editor one year. 

This completes the program, unless the Academy wishes to take up 
some of the papers which are departmental. What is your will? 

(Motion to adjourn.) 


[PRESIDENT’S ADDRESS. | 


Recent DEVELOPMENTS IN PHySICAL SCIENCE. 
[Publication No. 34.] 


By ArtHuR L. FOLey. 


On this—the twenty-fifth—birthday of the Indiana Academy of Science, 
it is meet that we survey the progress made and take an inventory of 
stock on hand. Where were we? Where are we? 

Comparing physical science of today with physical science of twenty- 
five years ago, I am forced to the conclusion that there has been a reyo- 
lution. 

In the first place there has been a revolution in the methods of teach- 
ing science. I would remind you that the physics laboratory of the Uni- 
versity of Berlin was founded in 1863, the Cavendish laboratory of Cam- 
bridge in 1874. In 1871 Professor Trowbridge, of Harvard, was obliged 
to borrow some electrical measuring instruments, as the university had none 
of its own. It is not surprising, then, that a few years later—at the time 
the Indiana Academy of Science was founded—there were in the United 
States very few physics laboratories worthy of the name. Physics teach- 
ing in college and high school was chiefly from the text-book. Today a 
college which would offer work in physics without a laboratory would be 
considered a joke; and in order to be commissioned, a high school must 
have a certain minimum of laboratory equipment and the physics teacher 
must devote a part of his time to laboratory instruction. 

In the second place there has been a complete change in the attitude 
of men of affairs toward the physics professor and his students. No longer 
do they consider us theoretical, and therefore impractical. No longer do 
they look with distrust or contempt on laboratory methods and data. No 
longer do they hold that apprenticeship and experience are sufficient for 
their needs. Today the large industrial concerns are establishing labora- 
tories of their own and employing in them the best trained men they can 
command. 

In the third place, there has been a revolution in some of our physical 


theories. By the term revolution I do not mean a destructive upheaval 
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in which the work of the past has been repudiated and destroyed and a 
new order of things established. I mean that some of our ideas have 
undergone such a complete and rapid change that what some might term 
an evolution is really a revolution. Indeed, we have had two revolutionary 
periods within the life of this Academy. 

The first came in 1887 with the epoch-making researches of Heinrich 
Hertz. Faraday had given us his thecry of lines of force and the mathe- 
maticians had attacked it. Young and Fresnel had given us the undu- 
latory theory of light and Laplace and Poisson had “befuddled us with 
their objections.” Ampere had given a theory of magnetism, but Poisson 
and Weber had given two others. To explain an electric charge we could 
resort to the one-fluid theory, the two-fluid theory, the potential theory, 
the energy theory, the ether-strain theory. Maxwell had written a treatise 
on electricity which few could read and no one could fully understand. A 
distinguished French physicist said he understood everything in Maxwell’s 
book except what was meant by a body charged with electricity. Max- 
well had given us but a vague idea of electric displacements and displace- 
ment currents, because his ideas were bound up in equations without ex- 
perimental verification, or even illustration. 

Then came Hertz’s researches, which confirmed the fundamental hy- 
potheses of the Faraday-Maxwell theory and “annexed to the domain of 
electricity the territory of light end radiant heat.’ ‘Many thinkers,” said 
Lord Kelvin, “have helped to build up the nineteenth century school of 
plenum, one ether for light, heat, electricity and magnetism; and Hertz’s 
electrical papers, given to the world in the last decade of the century, will 
be a permanent monument of the splendid consummation now realized.” 
Some one has said that Hertz enthroned Maxwell in every chair of physics 
in Hurope and America. 

It appears that many of the ancient philosophers had a shadowy idea 
of a medium in space which they personified and called “Aether.” <Ac- 
cording to Heriod, Aether was the son of Erebus and Night and the brother 
of Day. The Orphie hymns speak of Aether as the soul of the world, the 
animator of all things, the principle of life. The children of Aether and 
Day were the objects about us, the heavens with all their stars, the land, 
the sea. Aether was the lightest and most active form of matter and Day 


had the power of converting it into heavier matter. Plato speaks of the 
‘Kelvin. Introduction to Jones’ translation of Hertz’s ‘‘Electric Waves.’ 
lan, 1893. 


’ 
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Aether as being a form of matter far purer and lighter than air, so light 
that its weight cannot be ascertained because distributed through infinite 
space. 

During the fifteen years following the publication of Hertz’s researches 
it is probable that greater homage was paid to Ether by modern physicists 
than was ever given it by the ancients. The ether was appealed to from 
every quarter. Light, radiant heat and electric waves were ether waves. 
An electric charge was an ether strain. An electric current was a phe- 
nomenon in the ether and not in the wire in which it appeared to flow. 
Magnetism and gravitation were phenomena of the ether. Matter itself 
became an aggregation of ether vortices. Ether and motion were expected 
to explain everything. Such terms as natura! philosophy and physics were 
discarded by some of our text-book writers who adopted such titles as 
“Matter, Ether and Motion”; “Hther Physics’; ‘“Hther Dynamics’; “The 
Mechanics of the Ether.” Physics was defined as the science of motion. 

The classical mechanics of LaGrange was built on what were con- 
sidered fundamental concepts—mass, force, space and time. Hertz, in his 
treatise on mechanics published in 1894, endeavored to eliminate force 
and potential energy and reduce a universe to ether movement. Space 
and time were not fundamental ideas, but as Kant had said, were sub- 
jective notions. We measure time by a change of space relation; that is, 
a movement of a star, of the earth, of a clock hand. ‘In a world void of 
all kind of movement there would not be seen the slightest sequence in 
the internal state of substances. Hence the abolition of the relation of 
substances to one another carries with it the annihilation of sequence and 
of time.” Thus everything was made to depend upon movement. The 
equations of motion became the chief instruments of physical research, 
and the criterion by which the results of experiments were interpreted. 
Galileo lost his professorship because he dared to dispute the authority 
of Aristotle. Daguerre was for a time placed in an asylum because he 
said he could take a picture on a tin plate. Galvani was ridiculed by his 
friends and dubbed “the frog’s dancing master.”  Franklin’s paper on 
lightning conductors was considered foolish, and refused publication by the 
Royal Society. Fifteen years ago it would have been almost as disastrous 
for a physicist to question the authority of LaGrange or Maxwell. Not 
only were the results of experiments subjected to mathematical analysis, 


the direction of scientific investigation was largely so determined. The 
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question was first put to mechanics. If a positive answer was indicated 
the question was put to nature and the research went on. If the equations 
indicated a negative result the question was dropped and the research 
abandoned. 

Physics was an exact science. Other sciences were not exact sciences 
because their theories and hypotheses could not be mathematically ex- 
pressed—the relation between cause and effect was not expressible in 
algebraical symbols. Physics was an exact science whose fundamental 
principles had been discovered and its laws expressed by equations. All 
that remained to be done was to make more accurate measurements of 
physical quantities for use as coefficients and exponents. 

Let me quote from the 1894 catalogue and later catalogues of one of 
the largest universities in the United States. 

“While it is never safe to affirm that the future of physical science 
has no marvels in stere. * * * it seems probable that most of the grand 
underlying principles have been firmly established and that further ad- 
vances are to be sought chiefly in the rigorous application of these princi- 
ples to all the phenomena which come under our notice. * * * An 
eminent scientist has remarked that the future truths of physical science 
are to be looked for in the sixth place of decimals.” The foregoing is a 
verbatim quotation from the introductory statement preceding the list 
of courses in physics offered at one of our great universities, written, I 
think, in 1894. “Underlying principles firmly established,” “Future truths 
in sixth decimal place,’ 1894. Then came the discovery of Roentgen rays, 
1895; Becquerel rays, 1896; Zeeman effect, 1896; radium, 1898; atomic 
disintegration, the transformation of matter, the thermal effect of radio- 
activity, and intra atomic energy, 1903. I am unable to locate the sixth 
decimal idea in recent catalogues. 

J. J. Thomson likens the discovery of Roentgen rays to the discovery 
of gold in a sparsely populated country. Workers come in large numbers 
to seek the gold, many of them finding that “the country has other products, 
other charms, perhaps even more valuable than the gold itself.” 

The chief value of Roentgen’s discovery was not that it furnished us 
a new kind of light for the investigation of dark places, but in the fact 
that it led a host of workers to study vacuum tube discharges—the dis- 
charge of electricity in gases and the effects of such discharges on matter 


itself. The old dusty Crookes’ tube was taken down from the far corner 
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of the upper shelf and regarded with new interest. In a day it had ceased 
to be a forgotten, though curious, plaything, and had become a powerful 
instrument of research. It was before Roentgen’s discovery that a well- 
known professor said to me that he considered it foolish for one to spend 
any part of his departmental appropriation for a vacuum; that when he 
paid out money he wanted something in return—not an empty space. And 
yet this man was familiar with the work of Faraday and of Crookes, both 
of whom with prophetic mind had foreseen and foretold. Let me quote 
from a lecture by Faraday on the significant subject “Radiant Matter.” 

1“T may now notice a peculiar progression in physical properties (of 
matter) accompanying changes of form, and which is perhaps sufficient to 
induce, in the inventive and sanguine philosopher, a considerable degree 
of belief in the association of the radiant form with the others in the 
set of changes I have mentioned. 

“As we ascend from the solid to the fluid and gaseous states, physical 
properties diminish in number and variety, each state losing some of those 
which belong to the preceding state. * * * The varieties of density, 
hardness, opacity, color, elasticity and form, which render the number of 
solids and fluids almost infinite, are now supplied by a few slight varia- 
tions in weight and some unimportant shades of color. 

“To those, therefore, who admit the radiant form of matter, no difficulty 
exists in the simplicity of the properties it possesses * * * , They point 
out the greater exertions which nature makes at each step of the change 
and think that, consistently, it ought to be greatest in the passage from 
the gaseous to the radiant form.” The lecture from which the foregoing 
is a quotation was delivered in 1816, when Faraday was but twenty-four 
years old. 

Let me quote again, this time from a lecture by Sir William Crookes 
delivered sixty years later, more than thirty years ago, on the same sub- 
ject—“‘Radiant Matter.” 

“In studying this fourth state of matter we seem at length to have 
within our grasp and obedient to our control the little indivisible particles 
which with good warrant are supposed to constitute the physical basis of 
the universe. We have seen that in some of its properties radiant matter 
is aS material as this table, whilst in other properties it almost assumes 
the character of radiant energy. We have actually touched the borderland 
where matter and force seem to merge into one another, the shadowy realm 


1Life and Letters of Faraday, Vol. 1, p. 308. 
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between known and unknown, which for me has always had peculiar 
temptations. I venture to think that the greatest scientific problems of 
the future will find their solution in this borderland, and even beyond; 
here, it seems to me, lie ultimate realities, subtle, far-reaching, wonderful.” 

The developments of the last few years have demonstrated that no 
truer prophecy was ever uttered, and the prophet Crookes has lived to 
witness and to take a part in its fulfillment. 

The importance of the present rejuvenation of physical science does 
not consist alone in the abundance of the harvest. There have been 
abundant harvests in the past. Consider the decade which closed one 
hundred years ago. In 1798 Rumford boiled water by friction. In 1799 
Davy melted ice by friction in a vacuum and Laplace published his work 
on mechanics. In 1800 Volta constructed the Voltaic pile, Nicholson and 
Carlisle decomposed water, Davy discovered the properties of laughing 
gas, and Herschel discovered dark heat rays. In 1801 Piazzi discovered 
the first asteroid, Ritter the chemical rays, and Young the interference of 
light. In 1802 Wedgewood and Davy made sun pictures by the action of 
light on silver chloride, and Wollaston discovered dark lines in the sun’s 
spectrum. In 1808S Malus discovered polarization by reflection, Gay 
Lussac the combination of gases by multiple volumes, and Dalton the law 
of multiple proportions. 

So great was the exhilaration and satisfaction produced by these dis- 
coveries that many scientists of that period appear to have become infected 
with something akin to the “sixth decimal” delusion. “Electricity,” wrote 
the French scientist Haiiy, “enriched by the labor of so many distin- 
guished physicists, seems to have reached the term when a science has no 
more important steps before it, and only leaves to those who cultivate it 
the hope of confirming the discoveries of their predecessors and of casting 
a brighter light on the truths revealed.” A statement which was almost 
immediately followed by the discoveries of Oersted, Ampere, Seebeck and 
Faraday. <A statement which has been followed by the telegraph, the tele- 
phone, the dynamo, the motor, the electric light, the electric railway, the 
Roentgen rays, and the wireless telegraph and telephone. 

If anyone today is disposed to criticise the men of science of other 
times because of their limited view, their complacent opinions and their 
intolerance of all that did not agree with theories they considered estab- 
lished, let him first read and ponder over what One spake about motes and 


beams. 
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The real significance ef recent developments is in the fact that they 
change—in a way revolutionize—some of our ideas of things. And here 
let me say that proven facts and proposed theories should not be confused. 
A theory is simply a working hypothesis, invented for the purpose of ex- 
plaining facts, to be discarded when facts are discovered with which the 
theory is not in harmony. A theory may explain many facts, it may be 
generally accepted, it may have survived for generations and be false. 
The phlogiston theory, the corpuscular theory are two examples. Shall 
we say that the theory of the indestructibility of matter and of the con- 
servation of energy are two others? 

The usual chemistry text-book would have us believe in the inde- 
structibility of matter because the chemist can change the form of matter 
almost at will, and in all the chemical reactions there is no loss of weight. 
In replying to this argument I wish to make three points. 

First. The balance, notwithstanding the statement of text-books, com- 
pares weights and not masses, and it is only because weight is assumed 
to be proportional to mass that we say we determine mass by the balance. 
What we really compare is the gravitational force which the earth exerts 
on two masses, and we have no a priori right to assume that this gravita- 
tional force is absolutely independent of the state or molecular arrange- 
ment of the attracted body. Why, for instance should we expect an abso- 
lutely uniform field of force about a crystal when that same crystal will, 
if placed in a proper solution, continue to grow symmetrically, and perhaps 
replace a broken-off corner before beginning its growth? 

It is conceivable that there shoula be a loss of weight in chemical re- 
actions and yet no destruction of matter. It is possible that mass and 


weight are not strictly proportional. if J. J. Thomson were not disposed 


to question the equation w—=m.g he would: not have experimented with a 
pendulum of radium, and he would not now be experimenting with a pen- 
dulum of uranium oxide. 

In the second place there is an apparent change of weight in chemical 
reactions as has been shown by several experimenters, notably by Landolt,’ 
who found a loss in forty-two out of fifty-four cases. The chemical reac- 
tions were brought about in sealed glass tubes which generally weighed 
less after the reactions than they weighed before. Later® it was found 
that some of these losses might be attributed to temperature and yolume 


1H{. Landolt. Preuss. Akad. Wiss. Berlin, Sitz. Ber. 8, pp. 266-298, 1906. 
2Landolt. Preuss. Akad. Wiss. Berlin, Sitz. Ber. 96, pp. 354-587, 1 
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changes. Whatever the testimony of the balance may have been, some 
of the reactions must have been accompanied by a loss of weight, for it 
has been proven by chemical means that such reactions are frequently 
attended by the escape of something through the walls of the glass tubes.* 
This loss is readily explained by the disintegration theory. If one wishes 
to explain it by assuming the diffusion of ordinary gases through the glass 
walls of the tube he must explain the fact that, in many cases, it was the 
heavy and least volatile substances that escaped fastest. 

In the third place the element of time has been overlooked. Matter 
nay be disintegrating, but at such a slow rate that in the limited time 
over which experiments have been extended the balance has failed to de- 
tect the change. As far as our experience goes the time of rotation of 
the earth is constant; but we know that it cannot be absolutely constant. 
The moon has slowed down until it takes a month to make one turn. To 
an ephemeral insect almost everything would appear to be eternal. With | 
due respect for the balance and the wonderful work it has enabled chem- 
ists to do, it must be admitted that it is, comparatively, a very crude in- 
strument. Let me prove it. 


Suppose we fix the limit of sensibility of the balance at one one-thousandth 
of a milligram. Our books on chemistry tell us that 1 ce of gas, say hydro- 
gen, at ordinary pressure contains 4>< 10! molecules. The density of HT being 
896 < 10-7, then 1 gm. of H would consist of (4> 10") + (896 10-7) molecules. 
Taking 112 as the ratio of the molecular weights of radium and H, then 1 gm. 
of radium would consist of [(4>< 10!) + (896 x 10-7)] +112 =4X 10% molecules. 
Therefore .001 mgm. of radium would consist of 410! molecules, and this 
would be the smallest possible number that our most sensitive balance could de- 
tect. If the gram of radium were disintegrating and its molecules escaping at 
the rate of a million per second it would require 4>< 10" seconds = 463,000 days 
=1270 years for that gram of radium to lose in weight only the one-thousandth 
part of one milligram, all the while its molecules trooping away at the rate of a 
million per second. 

The population of the earth is about 1,500 millions. The smallest 
number of molecules a balance will detect is 4x10", or about 26,600,000 
times the population of the earth. We wonder if Mars is inhabited. If 
a Martian were to come to the earth to make an experiment to determine 
Whether or not the carth is populated and he had no better instrument 


1C. Zenghelis. Zeitschr. Phys. Chem. 65, 3, pp. 341-358, Jan. 5, 1909. 
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“for the detection of the existence of a man” than is the balance for a 
molecule, he would be obliged to go back and report the earth uninhabited. 
In fact his instrument for the man test would need to be 26,600,000 times 
as sensitive as the balance to give him even a hint of the probability of 
an earth population. 

Thomson says that the smallest quantity of unelectrified matter ever 
detected is probably neon, and this was discovered by the spectroscope—not 
the balance. But the number of molecules of neon required to give a spec- 
troscopic effect is about ten million million, or about 7,000 times the popu- 
lation of the earth. It has been shown that the presence of a single 
charged atom can be detected by electrical means. Thus the electrosecope 
is millions of millions of times as sensitive as the spectroscope, which is 
itself in many cases far more sensitive than the balance. This explains, 
in part, why radium was discovered by physicists, and why physicists 
have been most active in all the work which has had to do with the theories 
of electricity and matter. If chemists wish to compete with physicists in 
this field of investigation they must adopt physical methods and apparatus 
or devise some of their own which shall be far more sensitive than the 
balance or spectroscope. Further, many of the great chemists of the world 
need to awake to the fact that there is something doing and that they are 
not doing it. Their indifference is surprising. Only three months ago one 
of them expressed the following sentiments in a paper read before the 
chemical section of the British Association. * * * “Those who feel 
that the electron is possibly” (note the possibly) “but a figment of the 
imagination will remain satisfied with a symbolic system which has served 
us so long and so well as a means of giving expression to facts which we 
do not pretend to explain. * * * Until the credentials of the electron 
are placed on a higher plane of practical politics, until they are placed on 
a practical plane, we may well rest content with our present condition 
and admit frankly that our knowledge is insufficient to enable us even to 
venture on an explanation of valency.” Think of it! We, the chemists, 
“remain content” in this day when, as the Hon. A. J. Balfour has said, 
the attempt to unify physical science and nature *“excites feelings of the 


most acute intellectual gratification. The satisfaction it gives is almost 
1Scientific American Supplement. 63, No. 1761. P. 21%, Oct. 2, 1909. 

2“Reflections Suggested by the New Theory of Matter.’’ Presidential Address, British 
Association for the advancement of Science, 190!. Science. 20 No. 504, pp. 257-266, Aug. 
26, 1904. 
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aesthetic in its intensity and quality. We feel the same sort of pleasurable 
shock as when from the crest of some melancholy pass we first see far 
below the sudden glory of plain, river and mountain.” ‘Rest content!” 
No wonder the Noebel prize in chemistry was awarded to Rutherford, a 
physicist. 

As to the second principle, the conservation of energy, some have 
had misgivings. It was Kelvin, I believe, who said that radium placed 
the first question mark after this great principle. Many have refused to 
believe in the electron and disintegration theories because they saw, or 
thought they saw, in these theories a contradiction of the principle of 
energy conservation. Personally I do not see. that there are necessarily 
any contradictions. But even if there were and we were therefore justi- 
fied in rejecting the theories proposed to explain the facts, we certainly 
should not be justified in rejecting the facts themselves. 

In this connection I am reminded of the story of a lawyer whose client 
was placed in jail for some very trivial offense. When the lawyer learned 
the nature of the charge he said to his client: “My friend, they cannot 
put you in jail on sucb a charge as that.” “Yes, but they have,” replied 
the prisoner. When our physicist says that radium cannot remain at a 
higher temperature than its surroundings and continue to radiate heat, 
as that would be contriry to the second law cf thermodynamics, the answer 
is, Yes, but it does. When he says that it cannot continue to radiate en- 
ergy without receiving energy from some other body, as that would be 
contrary to the principle of the conservation of energy, the answer is, Yes, 
but it does it. 

When some one says that helium or carbon dioxide cannot appear in 
sealed tubes which contained no trace of these substances to begin with, 
the answer is, Yes, but they do. 

Let us suppose that we have a mass of gunpowder and that it is possi- 
ble to, and we do, cause it to explode, Gne grain at a time, each grain firing 
its neighbor as in the fuse of a firecracker. The temperature of the mass 
of gunpowder will be higher than its surroundings, and it will give off 
heat and other forms of energy and continue to do so as long as the pow- 
der lasts. No one would think of calling this an exception to the law of 
the conservation of energy or the second law of thermodynamics. The 
source of the energy is the atomic potential energy of the powder itself. 

Let us suppose that we have a sphere with frictionless surface rotat- 


ing at an enormous speed. Suppose that particles of matter are thrown 
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off at frequent intervals. These particles, on account of their high speed, 
have considerable potential energy. Thus the sphere continues to give 
off energy without receiving any as long as any mass remains. The source 
of the energy is the kinetic energy stored in the sphere at the outset, of 
which energy we are conscious only when we have some method of detect- 
ing and slowing down the projected particles. 

Thus the energy radiated by radium might be stored within the ra- 
dium atom as potential energy and liberated by a sort of atomic—or sub- 
atomic—explosion. Or it might be stored as kinetic energy—ot revolving 
electrons—and liberated gradually as these electrons escape from their 
orbits. It might be stored in both forms. In any case it is intra-atomic 


energy because stored within the atom itself and liberated only by atomic 
change—iisintegration. In neither case would there be a violation of the 
principle of the conservation of energy or of the second law of thermo- 
dynamics. Sooner or later all the energy will have been radiated. The 
fact that the supply is destined to last so long is what appeals to us as 
wonderful. And so it is. The world is full of wonderful things to anyone 
who pauses long enough to think. 

In this paper I have endeavored to give a general notion of the trend 
of thought and investigation in physical science rather than an enumera- 
tion and discussion of discoveries and theories. I might say, however, 
that there are strong reasons for believing in the molecular structure of 
electricity the electrical nature of matter, and the dependence of mass upon 
velocity. The theories of radioactivity and disintegration of matter are 
fairly well established. According to Ramsay; one of the most eminent 
chemists in the world, “we are on the brink of discovering the synthesis 
of atoms, which may lead to the discovery of the ordinary elements.” 
Perhaps the dream of the alchemist is about to be realized. Certain it is 
that we are face to face with energies of which no one even dreamed a 
few years ago. Whether we call this energy intra-atomic, sub-atomic, 
interelemental or some other name, we know certainly that it exists, and 
that it exists in quantities far beyond the power of man’s mind to com- 
prehend. Man hopes some day, somewhere, somehow, to discover the 
means of unlocking this infinite storehouse. If this discovery is ever 
made, all the others which man has ever made will pale into insignificance 
beside it. 

Lodge says of the one-pound shot and the one-hundred-pound shot 
which Galileo dropped from the top of the Leaning Tower, that “their 
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simultaneous clang as they struck the ground together sounded the death 
knell of the old system of philosophy and heralded the birth of the new.” 
The age of reverence for authority had passed away and the day of ex- 
perimental investigation had dawned. 

In a sense the discoveries of the past few years have resulted in a 
similar revolution. The revival of the experimental method has been 
complete. Accepted theories are being put to the test. What we have 
long regarded as proven facts are being questioned and, in many cases, 
challenged. There is no field of investigation which has not been culti- 
vated anew. 

In closing I wish to quote from the presidential address of J. J. Thom- 
son’ before the British Association at its last meeting. ‘The new dis- 
coveries made in physics the last few years, and the ideas and potentiali- 
ties suggested by them, have had an effect upon the workers in that sub- 
ject akin to that produced in literature by the Renaissance. Enthusiasm 
has been quickened and there is a hopeful, youthful, perhaps exuberant, 
spirit abroad which leads men to make with confidence experiments which 
would have been thought fantastic twenty years ago. It has quite dis- 
pelled the pessimistic feeling, not uncommon at that time, that all the 
interesting things had been discovered, and all that was left was to alter 
a decimal or two in some physical constant. There never was any justifi- 
cation for this feeling, there never were any signs of an approach to finality 
in science. The sum of knowledge is, at present at any rate, a diverging, 
not a converging series. As we conquer peak after peak we see regions 
in front of us full of interest and beauty, but we do not see our goal, we 
do not see the horizon; in the distance tower still higher peaks, which will 
yield to those who ascend them still wider prospects, and deepen the feel- 
ing, whose truth is emphasized by every advance in science, that ‘Great 
are the works of the Lord.’ ” 


‘Scientific A m. Sup. 63, Nos. 1757 and 1758, pp. 154, 155 and 174-176. Sept.4 and Sept. 11, 
1909. 
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Recent Procress 1n Borany. 


By JoHn M. Courter. 


Mr. Chairman and Meinbers of the Academy: When I face the Indiana 
Academy of Science at its twenty-fifth anniversary, I feel more like speak- 
ing of old times than upon any technical subject. However, perhaps some 
of these reminiscences may appear at the banquet: tonight, and I will re- 
strict myself just now to the program. 

It is very hard for one who has not lived and worked through the 
period covered by the history of this Academy to appreciate the changes 
that have taken place in the science of botany. Those of you who have 
come into the subject during the last decade can hardly have a full ap- 
preciation of what you have missed and of what rapid development has 
taken place. At the time this Academy was being founded, almost all the 
instruction and investigation in botany was in taxonomy or Classification, 
and that was chiefly restricted to the classification of flowering plants. 
I shall not weary you by recounting all of the important changes that have 
taken place since that time, but I wish to point out a few things that have 
impressed me. 

The first impressive change is the tremendous development and differ- 
entiation of the subject during the period covered by the history of this 
Academy. In the background we have still the old historic field of tax- 
onomy, which is being cultivated with greater zeal than ever. But the 
first change to note is the great development of the comparatively new 
science of morphology. In these days morphology has come to mean the 
structure and evolution of the plant kingdom as a whole, and its develop- 
ment has been little short of marvelous. Perhaps the first change from 
the old régime was brought about in this country by the appearance of 
Bessey’s Botany in 1880, and from that date began the development of 
modern morphology in the United States. 

In connection with the development of morphology there have grown 
up various expressions of it that have demanded special technique. The 
first of these to appear was that which is known as cytology. In collect- 
ing the facts in reference to the cell as a unit of structure, morphologists 


soon discovered that something must be known about cell structure, and 
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thus a very special technique has been developed and is still developing. 
Cytology might be defined, therefere, as morphology at the limit of tech- 
nique. 

In more recent years there has been another outgrowth from morphol- 
ogy and still a part of it. For many years there had been what was recog- 
nized to be a great rubbish heap of facts called anatomy. For example, 
the classic “Comparative Anatomy of VPhanerogams and Ferns,” by De 
Bary, contains a mass of facts, but they are inchoate. Many of them were 
used in instruction, for in the early days of morphological instruction facts 
were simply collected without reference to their relationships. Presently, 
as morphology began to develop ideas, it was felt that these anatomical 
facts might mean something when organized; but in the absence of such 
organization they were largely abandoned in instruction. Recently, how- 
ever, there has been rescued from this rubbish heap the new subject of 
vascular anatomy, which has become a tremendous instrument in the de- 
veiopment of our knowledge of plant groups and of the evolution of vascu- 
lar plants in particular. ‘Thus vascular anatomy has greatly extended 
morphology, which at first chiefly concerned itself with the reproductive 
structures. It still remains for some one to organize in a similar way 
the vegetative structures outside of the vascular system, and then morphol- 
ogy for the first time will have its facts fairly in hand. 

Under the shadow of this morphological development there appeared 
another growth known as pathology. The progress made in plant pathol- 
ogy during the period covered by the life of this Academy is familiar to 
many of its members. It began as morphology, but as it progressed it 
became more and more clear that it would have to join itself to physiology, 
and so pathology may be called a cross between morphology and physiology 
in its recent development. 

Another great field that came in connection with this development 
of morphology, even more recently, is paleobotany. There has been such 
a subject ever since people bave uncovered plant remains and their im- 
pressions in the rocks; but its method was to match fossil fragments 
with living plants, so that identification was always uncertain. The tech- 
1ique of today, however, has enabled us to secure knowledge of structures, 
and since vascular anatomy has been put upon a phylogenetic basis we have 
a key by which the relationships of these ancestral plants may be un- 
locked. 
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I can only mention the remarkable advance that has taken place in 
plant physiology, and also in the new subject cf plant ecology. There 
should be added plant breeding, which has not only its important scientific 
aspects in connection with theories of heredity and the origin of species, 
but has also such enormous practical applications that it is reaching out 
into the needs of men. 

This gives merely a glimpse of how the old science of botany, as it 
really was when this Academy was founded, has branched out into its 
present field of achievement. The student of twenty-five years ago who 
had studied botany in our colleges and learned just enough about gross 
morphology to be able to use Gray’s “Manual” intelligently, and who re- 
garded that to represent all there was in botany, would be astonished to 
see the development of today. 

Following this outline of the expansion of botany in general, I wish 
to speak of three or four of the most notable advances made in my own 
special region of morphology, and that is the morphology of vascular 
plants. To me the most striking feature of morphological progress dur- 
ing the last twenty-five years has been the breaking down of the old bar- 
rier set up between what were called cryptogams and phanerogams, the 
barrier that separated fern plants from seed plants. Not only was this 
felt to be a solid barrier, but even in universities chairs of botany have 
been distinguished on the basis of this division of plants. If there is any 
place in the whole series of plants where there is no gap between great 
groups it is this very place. I can call attention only to two conspicuous 
facts that stand out in this connection. One is the discovery a few years 
ago that certain gymnosperms (cycads) possess fern-like swimming sperms, 
a feature that associates these seed plants very closely with ferns. The 
second is the discovery during the present decade of the great paleozoic 
group of fern-like seed plants. All are familiar with the fact that the 
coal vegetation was thought to be largely a fern vegetation because the 
preserved leaves looked like fern leaves; but it is now recognized that 
all of these great frond groups of the coal vegetation were seed-bearing 
plants. In fact, paleobotanists are sure now of only one family of paleo- 
zoic ferns. 

Another fact of equal interest is the uncovering of the so-called meso- 
zoic cycads. These have proved to be far removed from the other gymno- 


sperms in their essential! characters. We have a sort of national pride in 
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the uncovering of this singular group, because the greatest deposits are 
in this country. The work of Wieland in revealing the rich deposits of 
these plants in the Black Hills region and in sectioning the cones with 
admirable skill and patience is well known. For the last five months 
Wieland has been exploring southern Mexico, and has discovered a sec- 
tion 2,000 feet in thickness that fs packed with the remains of this pe- 
culiar group, making it undoubtedly the greatest deposit of these plants 
in the world. They are regarded now as of great interest because the 
peculiar structure of their cones has suggested the possibility that they 
may be a group of gymnosperms that has given rise to angiosperms. 

Perhaps another notable change that deserves mention is the practical 
demonstration of the relationship between the two groups of angiosperms. 
It was thought once that the monocotyledons were the more primitive 
angiosperms, and that the dicotyledons were the more recent. We feel 
assured now that the monocotyledons have been derived from dicotyledons, 
for every monocotyledon starts with the vascular system of a dicotyledon ; 
and if there is anything true in the old theory of recapitulation, the rela- 
tionship of these two groups is evident. 

Perhaps the most notable change in morphology is the change in men- 
tal attitude, and particularly in reference to the construction of phy- 
logenies. I remember that at the early meetings of this Academy we were 
in the habit of constructing very complete and satisfactory phylogenies. 
We were sure just how one plant group descended from another. That is 
always easy when the facts are few; but now that facts are numerous, 
no one is able to construct 2 satisfactory phylogeny. No one imagines now 
that any living group has descended from any other living group. 

Another marked advance is the change of mental attitude in connec- 
tion with morphological work, in which morphology has clasped hands 
with physiology. I can only indicate some of its results. It has destroyed 
the old rigid categories. Botany was once largely an extensive system 
of terminology. Now we have passed from the days of terminology to 
the days of knowledge, and terminology no longer masquerades as knowl- 
edge. Not one of the old definitions has stood the test of experimental 
morphology. Experimental morphology has also helped to rid us of that 
old, Calvinistic notion of predestination in plant organs. Once it was 
thought that every primordium was destined to be one particular structure 


and nothing else. Now we know that a primordium may become almost 
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anything under appropriate conditions, and is not destined to be some 
particular structure. 

One of the most interesting recent results of experimental morphology 
has been that obtained in experimental work on heterospory. It has been 
shown that it is possible to develop megaspores from cells that ordinarily 
develop microspores. It is such results that are playing fast and loose 
with our old conceptions of rigidity of structure and function. 

I can merely mention the field of plant physiology. If I speak of the 
changes that have taken place within the last twenty-five years, IT must 
show the atmosphere. in which we are living by assuring you that I am 
not the one to make such a presentation. In the old days one man taught 
all there was of botany, and probably he taught all there was of science. 
Today I have been compelled to ask a competent plant physiologist con- 
cerning the notable changes. He tells me that there are two conspicuous 
changes in the point of view. One is the gradual passing of the old vital- 
istic idea, which implied that there was some such thing as vital force that 
explained most things. Now the facts are explained, not in terms of vital 
force, but in terms of chemistry and physics. Another shifting point of 
view is a change from the old iGea that form and structure are the result 
of some mysterious law of development, to the idea that form and struc- 
ture are entirely expressions of the conditions under which growth has 
been conducted. 

The very new field of ecology at present is in the condition of these 
other fields more than a decade ago. Young fields are largely jokes to the 
older ones; but there has been a change in ecology during the last few 
years. It has passed from the stage of inchoate observation, in which in- 
struction in ecology could not be differentiated with distinctness from 
holiday excursion, to methods of precision. 

In conclusion, as one looks out over this great progress, he finds that 
it is all really an inevitable evolution from the stimulus that was given 
first by Hofmeister in 1898 te morphology, and ten years later by Charles 
Darwin to biology in general. 

University of Chicago, 

Chicago, Ill. 
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Darwin Firry Years Arter. 


By Dr. Davin STARR JORDAN. 


Scientific men, as a rule, do not pay much attention to birthdays; but 
certain anniversaries have been impressed upon our minds of late, and in 
the last two years there have been many celebrations: The two hundredth 
anniversay of Linnaeus, and the one hundred and fiftieth of his great work, 
“Systema Nature’; the one hundredth anniversary of the birth of Agassiz, 
the greatest teacher of science; the one hundredth anniversay of the birth- 
day of Charles Darwin, and the fifth anniversary of the publication of 
“The Origin of Species,’ the greatest landmark of the history of the nine- 
teenth century. Twenty-five years ago we note another landmark of im- 
port to us. It was then that Amos Butler brought his Brookville academy 
to Indianapolis, where its first meeting was held on December 29, 1885. As 


I was just then elected president of Indiana University, the youngest of 


all the college presidents—and the greenest—hbeing, therefore, by some 
preferred to the drier article, I was made president. With this came the 
suggestion that two others who, like myself, had fought each year on the 
bloody sands of the educational arena of Indiana—John Coulter and Har- 
vey Wiley—would be my successors. 

At that time the idea of evolution was in the air, the theory of descent, 
that the forms now living were created, not by mysterious power, but by 
the operation of natural selection and the survival of the fittest. It was 
my fortune to have been brought up as a student of Agassiz, having heard 
all his lectures on this subject, and inherited his prepossessions. It was 
my own studies of animals which led me little by little to become an eyo- 
lutionist, and I have said that I went over to that view of the case about 
as graciously and as willingly as a cat which a boy draws across the carpet 
by its tail. , 

I remember it was out at Broad Ripple, just north of this city, where 
Sopeland and myself first definitely decided that we were converts to Dar- 
winism. The little sand darter in the river is a sort of perch, but differs 
from any others in having very few scales, and these very thin ones. We 
testified to our faith by an article in which we said that these little animals 
are derived from the scaly perches; that we did not know whether it has 
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lost its scales because it buries itself in the sand and does not need them. 
or whether it buries itself in the sand because it has no scales and needs 
protection, or whether burying itself in the sand there has come to be a 
gradual selection of those whose scales are fewest and thinnest. Anyhow, 
we were sure of its origin, and that it was descended from some of the 
other forms of dwarf perch te that called the Johnny Darter. 

Many men before Darwin had taught the theory of descent, but Dar- 
win gave the first rational exposition of how it came about by natural 
processes. He showed that adaptation is the natural result of the sur- 
vival of the adapted in the struggle for existence. Variation is every- 
Where among animals and plants. No two animals or plants are ever 
avlike. There is everywhere a great wealth of life—more are born than 
can mature, and those survive and live who are able to fit themselves into 
the scheme of life. Darwin did not believe in evolution in vacuo, that is, 
evolution wholly independent of external circumstances and conditions, 
but this heresy that the laws of evolution, which are simply the way 
things come about, can produce evolution and divergence without any ex- 
cept metaphysical causes, still has a large body of followers. It is, in my 
judgment, one of the heresies of the present time. 

In the evolution of any species in the rough-and-tumble of life, we 
have these four elements: Variation, heredity, selection and segregation. 
Variation is the starter. It is interwoven with the operation of heredity. 
The favorable variation survives, and the animal or plant possessing it 
gives rise to the next generation. This is selection. 

The operation of isolation is this: A group becomes separated by some 
barrier which the individual can not cross. Little by little the species be- 
come separated into two or more species, one just as well adapted as the 
other. It is not often that differences between species are differences in 
adaptation. It is therefore not often that they are due to natural selec- 
tion. The final difference, the final polishing or rounding off of the species 
giving it its distinctive minor character, is due to isolation. Variation 
and heredity are inside the individual. The incidents of selection and 
isolation are of the outside world. They are part of the modifying con- 
ditions of life. Without contact with the outside influences, in my be- 
lief, there is no evolution. 

Darwin may be compared to an explorer in a new country. From 


some high point he makes a map of the country, locating its salient fea- 
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tures, its rivers, lakes, peaks and cliffs. The detail must be worked out 
by those who come after. In the case of Darwin the map remains sub- 
stantially as it was, although many have worked at the various details 
with which the modern chart is filling up. The discovery of the micro- 
scope has enabled us to frame a rational theory of heredity and to under- 
stand with some degree of certainty the physical basis of the functions 
of inheritance. The morphology of animals has been very fruitfully studied 
by many men. Many others have developed the history of past life on the 
earth, and we would have to have a theory of evolution to account for 
this, if Darwin had not furnished one already. 

The three men most famous since Darwin are these: Wagner, Weiss- 
mann and Mendel. Mendel died before Darwin wrote and his work on the 
“Heredity of Peas’ was forgotten until after Darwin’s time, but has be- 
come a very important factor in our experimental studies of living forms 
in relation to inheritance. Wagner was the first one to lay adequate stress 
on the idea of isolation as a species-forming influence. His weakness was 
that he rejected selection as an element, assigning to isolation the impos- 
sible task of accounting for all the external phenomena in the origin of 
species. To Weismann we owe more than to any one else our present 
knowledge of heredity. 

Theories of less importance are Eimer’s orthogenesis, which has a 
good deal behind it, and which we shall probably accept if some genius 
will arise to tell us what it means. It rests on the fact that we have many 
long series of animals which seem to have progressively varied as time 
went on. 

The study of the mutations of the evening primrose by De Vries has 
given many hints as to possibilities in plant breeding. I do not believe that 
the theory that species are mainly or largely formed by sudden mutations 
will survive the present generation of De Vries’ followers, but the impulse 
given to experimental study of plants will long continue. 

More than thirty years ago I used these words in Indianapolis: 

“Darwin lies in Westminster Abbey, by the side of Isaac Newton, one 
of the noble men of the past whose life had made his own life possible. 
Of all who have written or spoken, by none has an unkind word been said. 
His was a gentle, patient and reverent spirit, and by his death has not 


only science, but our conception of Christ, been advanced and ennobled.” 
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Metruops AND Marterrats Usep 1n Soiu TESTING. 


By H. A. Huston. 


The consumption of commercial plant foods in the United States has 
reached approximately 5,000,000 tons and the cost to the consumer is 
nearly equal to the sum which we formerly paid for imported sugar, and 
which became the slogan in the campaign to establish the beet sugar in- 
$100,000,000. 


The industry is established, but by no means stationary. It has in- 


dustry in America 


creased at least 50 per cent. during the past five years, a very high rate 
considering the magnitude of the business. 

In the manufacture and control of these products there is employed a 
large number of chemists, and the Association of Official Agricultural 
Chemists, now over a quarter of a century old, was originally formed for 
devising suitable methods of analysis for these products. Thirty-three 
States have special laws for fertilizer inspection. The American Chemical 
Society recently organized a Division of Fertilizer Chemists, and most of 
our agricultural colleges and experiment stations devote a considerable 
amount of attention to the subject. 

The farmer wants to know the facts about commercial plant foods and 
all officialdom, from the bureau chiefs of the National Department of 
Agriculture to the local speaker at the township farmers’ institute, un- 
dertakes to enlighten him. 

In those sections of the country where fertilizers have been longest 
used—along the Atlantic, the eastern gulf coast and the upper Ohio Val- 
ley—the experiment stations and control officials appreciate the magnitude 
and importance of the industry and understand its vital relation to crop 
production. In marked contrast to this is the state of affairs in the greater 
part of the great area drained by the Mississippi, where the most of our 
maize, wheat and oats are produced. Here we find also the curious com- 
bination of land rapidly increasing in money value and at the same time 
declining in productiveness, while the cost of farm labor is increasing. 
These circumstances cause the farmer to inquire how his crops may be 
increased and whether commercial plant foods may be profitable in this 
connection. 
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Some thirty-five years ago the winter wheat growers of the Ohio Vai- 
ley began to use fertilizers, most of the material being the side products 
of the packing houses, mainly bone meal. Very profitable results were 
secured and the trade rapidly increased. In time acidulated goods were 
introduced, often being mixtures of equal parts of acid phosphate and 
bone. Later came the “complete” fertilizer, being ammonia 2, available 
phosphoric acid 8, and potash 2 per cent. This is still the so-called basal 
formula, that is, the one used as a starting point in calculating the trade 
value of goods with different formulas. About two-thirds of the fertilizer 
used in that section consist of complete fertilizer; the use of bone and aim- 
moniated phosphate is declining and the use of mixtures of acid phosphate 
and potash is rapidly increasing. Common applications for wheat are from 
one to two hundred pounds per acre, and it is almost invariably applied 
with a fertilizer attachment at the same time the seed is sown. The 
efficiency of the fertilizer in securing a stand of clover, the seed of which 
is sown before the wheat starts its spring growth, is a point to which the 
farmers attach considerable importance and the increase in clover pro- 
duction may in part account for the reduction in the amount of nitrogen 
in the fertilizers now used as compared with that used at an earlier period. 

The use of fertilizers gradually extend to other crops, but fully two 
thirds of the fertilizer sold in the Ohio Valley are used on winter wheat. 
The general tendency in composition has been to reduce the nitrogen and 
increase the potash, while the phosphoric acid has remained practically 
unchanged. Ready mixed brands are the rule, home mixing the rare 
exception. 

It is, however, unnecessary to state that much of this plant food 
has been used in a most haphazard way and that both buyer and local 
seller knew little about the composition of the goods sold or their fitness 
for the crop or soil on which they were to be used. 

The one thing which stood out very clearly was that they paid; that 
by their use good crops of wheat could be secured where unprofitable 
crops grew before; and that a stand of clover or grass could be secured, 
a suitable rotation of crops established and maintained, and that the cost 
of the fertilizer was returned many fold in the increase of wheat grain 
alone. Ten pounds of fertilizer costing from ten to fifteen cents produced 
on the average an increase of a bushel of wheat. This condition exists 


over much of the winter wheat belt extending from Kansas east and com- 


prising an area of probably 200,000 square miles. These facts have ex- 
isted too long and cover too much territory to be ascribed to local pecu- 
larities of soil or season. The wheat grower knows that fertilizers pay. 
But as brands multiplied the question arose which is the more profitable, 
and many made simple tests of different brands in which the popularity 
of the local agent received more consideration than the amount and kind 
of plant food in the goods: they obtained the confusing results that might 
have been expected under these conditions. Better informed farmers ap- 
plied to their experiment stations and agricultural colleges for aid, and 
in most cases were surprised to be told either that commercial plant foods 
did not pay or that they were unnecessary. 

An examination of the records of field tests conducted by experiment 
stations in the winter wheat section shows that many experiments have 
been made, especially on wheat, and that most of them have been reported 
unprofitable. This apparent conflict between the results of practical and 
scientific agriculture has to some extent prevented the extension of the 
sale of plant food to territory where it was very much needed. One may 
fairly inquire why the results of the experimental field tests differ so 
widely from the results obtained in ordinary farm practice in the same 
sections. 

First, we may consider certain things that are general in their nature. 
Many experiments are reported where relatively heavy applications of 
farm yard manure have been compared with applications of various brands 
and quantities of fertilizers without any clear statement or apparent 
knowledge of the composition of the latter. Such experiments are almost 
invariably reported as showing that manure is more profitable than the 
fertilizer, which is not strange in view of the fact that in the valuations 
the full cost of the fertilizer is charged up, while to the manure is charged 
only the cost of hauling. In such reports there is often a very clear inti- 
mation that the result is quite in line with the preconceived notions of 
the experimenter and that in discouraging the use of ‘expensive fertil- 
izers” he is at least telling farmers what they like to hear even though 
it conflicts with what they need to know. 

The method of application of the plant food is in many cases respon- 
sible for a considerable part of the difference observed between field prac- 
tice and plot experiments. Application with the drill at the time of sow- 


ing small grains, which is the common method, frequently gives profitable 
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results when the same amount and kind of fertilizer applied broadcast 
is unprofitable, and the same remark applies to light applications on maize. 

One of the principal reasons for unprofitable results from plot tests 
is found in failure to make a distinction between the fertilization of crops 
producing high money values per acre, like truck and fruit, where the 
whole plant food supply muy be profitably secured from chemical manures, 
and such crops as wheat, oats and maize, where the chemical fertilizers 
must be used to supplement and balance the supplies from the soil, farm 
yard and legume field. The cost of full rations of commercial nitrogen 
can only occasionally be recovered in the wheat crop and rarely if ever 
in the case of oats and maize. Double ratious of phosphoric acid are often 
profitable and from one-half to full rations of potash. In most of the 
early plot experiments full rations were used, and sometimes the cost of 
the fertilizer for maize was greater than the total sum received for the 
crop even when the yields were good. 

Perhaps the contrast between the plot tests and the farm practice 
can be shown better in the form of the amounts per acre and the formula. 
In some of the wheat plot tests extending over twenty years the fertilizer 
is the equivalent of 500 pounds per acre of goods having formula of nitro- 
gen 10 per cent., phosphoric acid 5 per cent. and potash 6 per cent.; at the 
same time this series was started the common wheat fertilizer was 100 to 
200 pounds per acre of 2-8-2, which has gradually changed to 2-8-6; nitro- 
gen is sometimes increased to 3 per cent. The maize series of plots re- 
ceived the equivalent of 1,000 pounds per acre of a goods having a formula 
of nitrogen 12 per cent., phosphoric acid 4 per cent. and potash 6 per cent., 
while farm practice on maize uses 100 to 300 pounds per acre of goods 
having little or no nitrogen and containing from 5 to 10 per cent. phos- 
phorie acid and 4 to 10 per cent. of potash. For clay soils a common 
maize fertilizer is 0-10-4, for loams 0-8-8 and for black sandy soils 0-6-10, 
while on the peat or muck soils 100 pounds per acre of muriate of potash 
or its equivalent in kainit are commonly used. A small amount of nitro- 
gen is sometimes added, usually about 1 per cent.—rarely over 2. 

The cost per acre of the maize fertilization would be about $30 for 
the plot work and from $1 to $4 per acre for the fertilizers commonly used. 
The cost per acre of the wheat fertilization would be about $15 for the 
plot work and from $1 to $3 per acre for the fertilizers commonly used. 

In general it may be said that the fertilizers used on wheat and maize 


furnish about as much phosphoric acid as the crop removes, rarely as 
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much as one half ration of potash and never over one-fifth ration of nitro- 
gen, while the plot experiments have undertaken to supply full rations for 
a full crop, which is fully double an average crop. 

The quantities of fertilizer used in the plot tests mentioned above 
seem quite absurd to the American grain grower, yet they are very con- 
servative compared with another set inaugurated at about the same time 
in which 2,000 pounds of acid phosphate, 600 pounds of sulphate of potash 
and 600 pounds of sulphate of ammonia per acre were used, or with an 
extensive set of orchard experiments in which the plans called for the 
application of 40 pounds of muriate of potash with corresponding amounts 
of nitrogen and phosphates to each two year old tree. 

In the case of the plot experiments conducted for the purpose of de- 
termining the value of the different plant foods, the excessive quantities 
have often caused a profit to be shown for only the particular plant food 
which was most deficient, while if more reasonable quantities had been 
used each would have shown a profit. It is not unusual to find reports 
of these experiments that recommend the use of a single plant food as all 
that is necessary merely because it was the one that chanced to give the 
largest profit. 

As compared with this line of plot experiments with full rations we 
may, perhaps, devote a moment to results of plot experiments where 
amounts and formulas generally used in farm practice were taken as a 
basis. 

On a typical worn clay wheat land an experiment was undertaken on 
the basis of 300 pounds per acre of goods containing nitrogen 3 per cent, 
available phosphoric acid 10 per cent and potash 6 per cent, each element 
being omitted in turn in the usual way. 

The following results were obtained: 


Fertilizers applied Yield, | Reduction from Omitting 
per acre. bushels — - - 
Equal to— per acre. | Nitrogen. |Phos. Acid. Potash. | All. 

; 
300 Ibs. 3-10-6.........: Ep trey Ne ep eerste a || Meee ee 
300) Ibs. 0-10-6.... 42... +. PATE | Ae wlpat sen tkss 5 
300 Ibs. 3— O-o..... fos TOPA Glo FAS 0 erence er 26.2 ara 
supribs: S—10-0. 2a. 2 Opera eet es al te 5 8.8 Brats 
MlegHe ree sc tits aces ee (A lene iol ge este poi eae | 27.3 
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The nitrogen in the fertilizer cost per acve.<- 25. 2422)42 2 see cele $1 80 
Rhesphosphoricyacid= costsper ACrel oc ser as cco ie oho ere 1 50 
(BhHESPOtASM COST PEL FACTO 4 sciaiee wave icusts, exe clste eee ead eke ee 1 10 

The complete fertilizer cost per acr@a5—-284.-..........-.-92 40 


The nitrogen increased the crop 4.7 bushels at a cost of $1.80, the 
phosphoric acid increased it 26.2 bushels at a cost of $1.50, while the pot- 
ash increased it 8.8 bushels at a cost of $1.10. As wheat sold at 90 cents 
per busiel it will be seen at a glance that all the plant foods were used at 
a profit, although, of course, we are not in a position to show that the 
combination is the one most profitable. Nor do we know that this was 
the most profitable amount. We do know that it was very profitable even 
neglecting the value of the increase in the straw and the very striking 
effect on the clover which followed the wheat. 

The experiment is a typical one for soils in the winter wheat belt, 
and numerous others could be given showing results of just the same char- 
acter and even more striking in profits. 

The figures show how the lack of phosphoric acid limited the crop, 
and they serve to explain why bone gave such increases on these soils that 
for nearly a generation it was considered the only profitable thing to use. 

In another series at a different place the amounts of the plant foods 
were varied, but the season was so unfavorable that the crop was limited 
by other considerations than plant food, the maximum crop being only 
about 18 bushels per acre and that of the unfertilized plots being only 
2 bushels. 

In these experiments the nitregen is supplied from. blood, the phos- 
phoric acid from precipitated calcium phosphate free from gypsum, and 
the potash from muriate of potash, the purpose being: to use materials 
exerting as little indirect effect as possible. 

This matter is too often cyverlooked in planning such experiments, 
and for a considerable time the indirect etfects may be so great as to mis- 
lead one who does not take them into consideration. Thus the gypsum in 
ordinary acid phosphate, amounting to about one-third of its weight and 
the sodium in the nitrate, may each release so much potash from zeolites 
im the soil that the plot with nitrate acid phosphate and potash may show 
little if any increase over that with nitrate and acid phosphate. Compara- 
tively few experiments exist which have been conducted long enough and 
in such a way as to shed much light on the extent to which the indirect 
effects mask the direct effects. 
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In such cases one always turns to the admirable work at Rothamsted 
for help and the constantly increasing difference between the yields of 
plots 11 and 13 Broadbalk Field seem to show that the indirect effects are 
decreasing. ‘The gypsum alone on plot 11 would theoretically release 90 
pounds per acre of potash annually while the total annual application of 
potash on plot 13 is 100 pounds. The theoretical amount of potash that 
could be released by the bases in the minerals used on the fully fertilized 
plots at Rothamsted amounts to about 400 pounds of potash per acre an- 
nually while the potash applied in sulphate amounts to 100 pounds. While 
Director Hall has clearly pointed out the difference between the early 
years and the later, too many who use Rothamsted results to fortify their 
arguments simply take the average for the whole period and neglect to 
consider the results by decades. 

Especially when we wish to secure indication of soil needs as promptly 
as possible should we take pains to use materials that will exert as little 
indirect effect as possible. By using blood as a source of nitrogen and 
gypsum free precipitated phosphates as the source of phosphoric acid we 
can remove most of these indirect effects and at the same time use ma- 
teriais easily secured and of high availability. 

Another point that is never considered in planning the plot tests in 
the section under consideration is the marked difference in the fixing 
power of soils for plant foods and the firmness with which they hold them. 
This is roughly recognized in providing for an excess of phosphoric acid 
in commercial formulas but is seldom considered in plot tests. 

The plot tests in most cases have simply been copied from plans made 
before the nitrogen gathering power of bacteria associated with legumes 
was understood and sometimes altered because of the injurious effect of 
the excessive nitrogen applications or too often abandoned altogether be- 
cause the growth of the institution demanded the land for other purposes. 
The frequent changes in the staff of workers has also interfered seriously 
with both the conduct of the work and the interpretation of the results. 

The conditions in the winter wheat section of the United States are 
such that large crops must be produced in order to realize a suitable re- 
turn on the selling value of the land and the money spent for farm labor. 
The small grain crops are so related culturally with the clover crop that 
they are almost necessary in a rotation if we expect to utilize our most 


widely distributed legume as a source of nitregen. 
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The chemical industries supplying plant foods and the purchaser of 
these products would both be greatly benefited by the inauguration at our 
experiment stations in the grain growing section of experiments properly 
planned to solve the question of the most profitable method of supplement- 
ing the plant food resources of the farms. 

Up to the present time it must be confessed that the purely empirical 
methods of the fertilizer manufacturers have produced results that yield 
the farmer better returns than anything derived from the experiments 
started under the old system by the educational institutions in the grain 
growing section, but these are far from being the best obtainable. Both 
farmer and fertilizer manufacturer need the help of the educational insti- 
tutions in the direction of securing facts relative to the most profitable 
methods of utilizing plant foods in the production of our great cereal crops 
—facts that will help and not discourage. 

But such experiments must take into consideration 

The kind of materials to use, 

The avoidance of indirect effects, 

The right methods of application, 

The question of the most profitable amount, and finally 
The rational interpretation of the results obtained. 


German Kali Works, Chicago, Ill. 
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FepERAL ContTrROL oF INTERNATIONAL AND INTERSTATE 
WATERS. 


3y BarTOoN W. EVERMANN. 


Mr. President, Members of the Academy—I shall talk a very few min- 
utes on this subject. The idea of federal control in matters pertaining to 
fisheries and game is a recent one, and one of recent and gradual develop- 
ment. I think perhaps the idea was first advanced in connection with the 
control of migratory birds. Ornithologists and cthers interested in the 
preservation of birds realized a number of years ago that the state laws 
of the various states were inadequate for the control of migratory birds. 
A bird today is in Louisiana or Alabama, tomorrow in Tennessee, next week 
in Kentucky, then Indiana, then Michigan, and the game laws in the 
different states are different. In some of these states there would be a 
law adequate for the protection of migratery birds as they went north 
or south, but in the next state into which they went there would be no law, 
so that migratory birds received very inadequate protection or no protec- 
tion at all. 

The first bill that was introduced into Congress that had any bearing 
on this question was introduced by George Shiras III, of Pittsburg. In 
this bill he proposed that the Federal government should take over the con- 
trol of the regulations for protecting migratory birds. A little later the idea 
expanded and Mr. Shiras introduced a bill in Congress providing for the 
protection of migratory fishes. His attention had been called to the fact 
that in the Atlantic coast States there is no law adequate to protect the 
shad and other migratory fishes. The dificulty existed in all of the 
streams where migratory fishes came, but particularly in those streams 
which lie between two States and which are controlled by two or more 
States. The Potomac River was taken as an illustration. The laws of 
Virginia on one side and Maryland on the other were never the same, and 
at the same time it was legal to fish in one State and illegal in the other. 
The inevitable result was a series of evasions of the law by the fishermen 
of these States. 

The Columbia River is another illustration, perhaps the most serious 


of all. There you have Montana, Idaho, Washington and Oregon, all con- 
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cerned in the Columbia River. Idaho and Montana are not seriously in- 
terested in the salmon, but Washington ard Oregon are both vitally in- 
terested in the salmon fisheries of that stream. But these two States 
have never been able to agree upon concurrent legislation which adequately 
protects the fisheries, and things have gone from bad to worse. ‘wo years 
ago an effort was made by certain people interested to restrict the taking 
of salmon in the upper Columbia by cutting out the use of certain kinds 
of apparatus. ‘This matter was referred to the people in Oregon, and at 
the same time those who were interested in the fisheries in the uppr Co- 
lumbia had a similar question submitted to the people stopping fishing 
in the lower river, and a very curious result followed. The people said it 
would be a good thing to restrict fishing in both parts of the river, so both 
amendments carried, and the inevitable result followed that neither is 
enforced, illustrating very clearly the impossibility of two or more States 
agreeing upon adequate measures in questions of that kind. 

Then the question came up as to the control of the fisheries in inter- 
national waters. The question there has for many years been a serious 
cne, particularly on Lake Erie. That lake has abutting on it four States 


on this side of the line 


Michigan, Ohio, Pennsylvania and New York— 
and the province of Ontario on the other—five political units that are all 
interested in the fisheries of Lake Erie, and no two having the same laws, 
so that at one time it would be legal to fish at a certain distance from the 
shore and with certain apparatus off that narrow portion of Pennsylvania 
which fronts on Lake Erie, and just beyond that narrow strip in Ohio or 
New York it would be illegal, and there was constant difficulty to keep 
the fishermen of one State within the strip in which they had a right to 
fish; and the regulations on our side were in every case entirely different 
from those on the Canadian side, so that friction followed there. It was 
impossible for the individual States to handle this question, and in that 
way the question of federal control came up. 

In addition to these questions, and of more recent development per- 
haps, has come the question of the desirability of federal control of inter- 
state waters and other waters in the matter of public health. We have a 
good illustration of the necessity for this in the Potomac River. Wash- 
ington City has sometimes suffered from an epidemic of typhoid fever, 
and investigation has shown again and again that the source of infection 


was not in the District of Columbia, but was brought from some place 


else; and carrying the investigation still further it has been proved on 
more than one occasion that Cumberland, Maryland, is responsible for at 
least some of the typhoid epidemics at Washington. The waters of the 
Potomac become infected at Cumberland, many miles above Washington, 
and the germs are carried from there and people infected. The District of 
Columbia, of course, is absolutely powerless in the premises; it can do noth- 
ing. The State of Maryland has done nothing, and the outlook is not en- 
couraging. I do not believe Maryland will do anything to remedy the 
difficulty. It affects not only the District of Columbia, but every town 
between Cumberland and the District of Columbia, so that in that case 
the matter of public health is concerned in Maryland, the District of Co- 
lumbia and Virginia. 

A little more than a year ago the United States and Great Britain 
entered into a treaty providing for the appointment of an international 
Fisheries Commission, with power to draw up regulations governing the 
fisheries in international waters between the United States and Canada. 
That treaty specified the waters—from Passamaquoddy Bay on the east 


to Puget Sound on the west—taking in all of the Great Lakes except 
Michigan. As I see it, the principal point, the principal necessity for that 
treaty was to secure a set of uniform regulations for these waters. Un- 
der it, fishing on one side, in Canada, and in Ohio, Pennsylvania or New 
York, on the other, as far as Lake Evie is concerned would be the same. 
There would not be the conflicts which now exist. It does not seem to 
me that that treaty was necessary in order that the Federal government 
might take control of the fisheries in these waters, and for some reasons 
it would have been better if they could have brought about federal control 
of fisheries in these waters without entering into a treaty between the 
two countries. There may be some little risk in giving a foreign nation 
a hand in determining what shall be the regulations in the waters of 
Ohio, of Michigan, Pennsylvania or New York, and make it impossible 
for the United States to change the fisheries regulations on our side of 
the line without the consent of another country. But that may be Inid 
aside as a matter of secondary importance. 

One of the first men to become interested, to recognize the importance 
of the question of federal control in these matters was George Shiras 
III, a grandson of Chief Justice Shiras, an angler, sportsman and _ all- 


round naturalist, who is very much interested in the preservation of game 


and migratory birds. He first become interested in the protection of mi- 
gratory birds, then fishes, and then in the larger question of all animal 
life in the streams which cannot receive adequate protection from indi- 
vidual States, and from that he has taken up the question of pollution of 
streams, and it has been shown by him and by others that the Federal 
government always had power to control interstate and international 
waters in all matters of navigation and fisheries and public health, be- 
cause these three questions are larger than the interests of individual po- 
litical units. The Federal government has exercised that power in the 
matter of navigation, but it has never exercised it in matters of fisheries 
or public health—the pollution of streams. But that it has that power and 
can exercise it whenever it wishes to do so, and that it is perfectly con- 
stitutional, I have no doubt in my mind, and I think the time is coming 
soon when it will be done. In this day when the question of public health 
is being agitated and considered so seriously, and when we understand 
more fully than we ever did before the sources of disease epidemics, when 
we realize more and more that the question is broader than the bound- 
aries of a single State, it is clear that this question is a question which 
must be handled by the Federal government and cannot be handled by 
the individual States. 

In the treaty between the United States and Great Britain, as you 
doubtless know, President Jordan was appointed commissioner represent- 
ing the United States, and Prof. Edward EH. Prince to represent Canada, 
and these two commissioners have gone over the boundary line from 
St. Johns to Vancouver, and at the end of last May they submitted their 
report to the respective governments, a report embracing a set of rec- 
ommendations—some sixty-six in number—which they hope will control 
in a satisfactory way the fishing in international waters. That report will 
be made public, doubtless, soon after Congress meets. It will go to Con- 
gress and to Parliament, where the necessary provisions for enforcing 
these regulations will be provided. As it now stands, Canada already has 
the machinery which is needed to enforce the regulations on her side 
of the line. She has a very efficient system of patrol, facilities and men 
and means to enforce her fisheries regulations far better than they are 
enforced on this side of the line, particularly in Puget Sound. There is 
no such machinery on this side of the line for enforcing any set of fish- 


eries regulations, because the matter has been and is now in the hands 
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of the respective States. Each State has its own machinery; but under 
the terms of the treaty it would seem that the Federal government is 
morally bound to provide the necessary machinery for doing as well on this 
side of the line as Canada is doing on the other. 

Now, if it turns out, as we believe it will, that this is the beginning 
of federal control in all of these large and important streams, then will 
come federal control not only of international waters, but interestate 
streams, and in all matters of pollution of any and ali streams. 

Mr. Shiras cites a number of cases: The State of Missouri vs. Chi- 
cago Drainage Canal, in which the decision of the court showed that the 
question is one larger than the State of Illinois and the State of Mis- 
souri, and that the Federal government must take it up. A similar case, 
Kansas City vs. The State of Colorado, the decision of the court pointed 
to the same view. And there is every reason to believe that the Supreme 
Court will uphold these decisions. 

Bureau of Fisheries, 

Washington, D. C. 


Tut Sprep or Micratinc SALMON IN THE CotumBtA RIver. 


$y CHAS. W. GREENE. 


(Abstract.)* 

In the solution of this problem I devised a scheme whereby individual 
fishes could be given individual tags that would render identification ab- 
solutely certain if the fish should be recaptured. This plan was nothing 
more or less than the use of the conventional stock-marking aluminum 
buttons. These buttons are light and cannot be torn apart and they carry 
serial numbers on one face; on the other can be placed such special 
marks as one may select. 

On August 14, 1908, I marked fifty-nine fish at Sand Island, just with- 
in the mouth of the Columbia River. 'These fish were liberated in the 
river in the hope that some would be retaken, and thus we might glean 
the story of their migration. ‘The fish were marked by inserting num- 
bered buttons through the caudal fin. 

Seventeen of the fifty-nine fish liberated were retaken and reported 
to me; sixteen buttons were also returned to me. The fish were retaken 
along the river from a point four miles below where they were liberated 
up to the Dalles of the Columbia, just below Celilo Falls, a total dis- 
tance of two hundred and fourteen miles. Near the upper limit quite a 
number of fish were taken and six of these had traveled a distance which, 
when rated, gives an average individual speed of from six and one-third 
to seven and one-half miles a day. 

The following table is constructed to show the actual time from lib- 
eration to recapture, the distance covered, the probable time consumed 
in the straight-away run on a basis of the speed of number 76 (seven and 
one-half miles), and the days unaccounted for. My view is that these un- 
accounted days are chiefly spent in the lower estuary of the river in be- 
coming acclimated to the fresh water. 


17This investigation was undertaken in cooperation with the United States 
Bureau of Fisheries. This abstract is published by the consent of and with the 
approval of the U. S. Commissioner of Fish and Fisheries. 
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Days Required 


Distance Days to Cover the 

Species AND NUMBER. Traveled Out. Distance at a 

in Miles. : Speed of 74 

Miles a Day. 
ST ate etek SRS > SS OE ae erie Meee aer ar tees 76 210 28 28 
SILVER aan Pesce ae Sho hae ss Fees 75 210 29 28 
Silvery etn or Stasecmot eee eee 89 210 30 28 
STIS YO Pans oS din SERIE Mis MR, ied ee oe a el ae 7 210 33 28 
SHEVED NEE tem Acle Ota dhe tke eee ET aoe 97 210 33 28 
Serb, Sa Aen ei GeaT els Aone Nene oe 124 210 33 28 
ITC) aa eet Ge SEO IR OnE Se co rete et aapirte cere 80 15 11 2 
Sieclnea dnd ws vis tec cairn shes meas ie 98 210 52 28 
ILECIUCAMG Me Sac vrs uacvtarn Neve rsai tee taaiee tio etarioe 125 70 35 9 
Ohinogks 5 50-8 otc tc see Mee ae ene es oe 123 15 31 2 
DLV EI toe ok ree tie aot ae cade Saree IRE RE eo: 87 70 57 9 
WHINOOKE Fs teres scar oa os Oe ee ee 113 4 6 0 


Days Unac- 
counted for, 
i. e., Available 
Acclimatiza- 
tion. 


La bss 
aocws a ed 


University of Missouri, 
Columbia, Mo. 
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THouacut StrmuLAtTION: Unprer Waar Conprrions Doss It 
Occur? 


By Rospert HESSLER. 


This is a subject of interest to nearly every one, but more especially 
to educated persons, as I found in discussing it with several hundred in- 
dividuals. In a general way one may divide human beings into two 
classes: the educated and the uneducated. The uneducated usually pay 
but little attention to what is going on in the mind, what sort of thoughts 
they have, while on the other hand those who write or otherwise utilize 
their thoughts may pay much attention to the subject. Indeed, the latter 
may at times be worried because they can not think and cannot write, or 
because they “run out of” thoughts and vainly “rack their brains” for new 
ones. In the very beginning we must distinguish clearly between getting 
new thoughts or new ideas and the ability to write them out. In other 
words, to get the germ or plot of a story and then to write out the story 
to best advantage are two widely different things. 

The difference between these two classes of individuals is shown 
very strongly in the matter of dreams. The ignorant pay considerable 
attention to their dreams, but only from the standpoint of ‘What does it 
mean?” They look upon a dream as an omen, while a writer may utilize 
a dream as a plot for a story, the dream being of actual value to him. 
Poets constantly tell about their dreams and of having dreamed. Again, 
we see this difference in attitude in the matter of the subconscious or 
automatic action of the mind, especially at night. There may be a great 
rush of thoughts. Many worry simply because they are unable to sleep 
on account of the “curious thoughts,’ while a writer may jot down a 
number of them and utilize them in his work. 

The subject of thought stimulation may be studied from different 
standpoints, depending on the individual’s occupation and training and 
the object of his investigation. Thus, the psychologist may approach it 
from a standpoint entirely different from that of the neurologist or of the 
alienist, while the viewpoint of a story writer may differ from all others. 
My standpoint may quite naturally be said to be mainly that of a physi- 


cian interested in a study of chronic ill health as distinguished from ac- 
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tual disease. Many of the symptoms occurring in chronic ill health relate 
to disturbances in mental functioning, and hence must be given consid- 
erable attention. 

If a physician desires to study normal individuals, that is, those who 
are neither sick nor diseased, he must go after his material. And here 
I might say that some, knowing my profession, have accused me of “talk- 
ing shop.” It is of course only those in search of a physician’s services 


who come to him—and this paper may therefore be regarded as that of 
au seeker after knowledge, that is, a plea for more data from these in 
health. I hope that when it appears in the published proceedings some 
at least will take sufficient interest in the matter to give me their experi- 
ences and observations. 

In regard to what I say here, it should be understood that this is 
simply a short abstract of a longer abstract. If I were to bring together 
all my data, and especially my case reports, they would make a large 


volume. 


CLASSIFICATION OF Dara. For the purpose of classification as well as 
for convenience of study, I have divided my notes under several general 
subheads, as follows: 

1. Simple observations on thought or mental stimulation before my 
days of medical schooling. such as any one not paying special attention 
to the subject might make. 

2. Barly days of medical practice. These notes are also rather simple, 
for it should be understosd that in times past a medical student’s atten- 
tion was not called to the subject of mental influences. 

3. Notes gathered while working among the insane. 

4. Travel notes while in Eurcpe, among them many relating to the 
environment of noted men and women, particularly of writers. 

5. Notes, covering the last ten years, based on a systematic study 
of people in ill health, as distinguished from those afflicted with well- 
defined diseases. The bulk of my notes relate to this class of individuals. 

6. Notes obtained from individuals who may be regarded as healthy, 
that is, not complaining of symptoms of ill health. 

7. References to the literature, a comparatively small amount of 
data, chiefly incidental references found in biographies. This phase of the 


subject has becn neglected, as it requires access to extensive libraries. 
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References to childhood are here omitted; my work concerns adults 
only. But we need only think of nightmure to realize how profoundly 
the mind of the child is influenced at times. I shall go over these sub- 


heads ery briefly, following the above classification. 


PEOPLE. Some people. or minds, with whom we come in contact stim- 
ulate us, just as there are those who depress us and many who do not 


affect us at all. 


Books. These may also be classified according as they do or do not 


set us to thinking; some books act as decided mental stimuli. 


DREAMS. Dreams may be a source of mental stimulation to the in- 
tellectual, who may get some new ideas and utilize them. The ignorant 
dwell chiefly on the significance of dreams as good or bad omens. One 
can hardly realize what an important factor dreams are in the life of 


some people. This topic will be considered a little more fully later on. 


Foop AND DRINK. These have more or less influence on our well 
being and our thinking. One need only think of what often occurs after 
eating a late lobster salad or a welsh rarebit, when the thoughts are 
usually anything but agreeable. There is an old saying, “Who drinks beer, 


thinks beer’; and another, “One is what one eats.” 


ALCOHOL. Some know frem personal experience whether alcohol 
excites or depresses the mind; certainly all have noticed the effects in 
others, how some individuals become greatly excited, with an active flow 


of words. 


Topacco should also be mentioned. Just how much truth there is in 
the claim of some men that they can think best while smoking or chew- 


ing is a question. 


ANGER, JEALOUSY. RESENTMENT, OV GRIEF, etc... May act as powerfu! 


stimuli. 


FRIGHT and Dancer should also be mentioned; there may be a great 


rush of thoughts at what seems to be a critical moment. 


Fever Fantasy. Those subject to colds and feverish conditions may 
have noticed in themselves the abnormal stimulation of thought at such 
times. The physician cannot avaid noticing it, especially in those delirious 
on account of fever. 


[9—23003 ] 
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DruG STIMULATION. ‘The most common is that of opium or its alka- 
loids, cocaine coming perhaps next. “Hasheesh effects I have not observed. 
Not all persons are stimulated after the fashion of DeQuincey. Some 
brains are stimulated but little or not at all. The same is true of alcohol. 
The effect depends, moreover, largely on the dosage, varying from a more 
or less transient stimulation to complete stupor. It should be kept in 
mind that to a large extent anodynes that depress. such as acetanilid, are 


now used in place of opium. 


Corvrer. This is an active stimulant to some; many know that it will 
keep them awake at night, as night nurses. Some persons say coffee 
makes them dream. Literary workers may be actively stimulated by it, 


their thoughts flowing freely after its use. 


Mantra. An individual delirious in acute mania is a sight never to 
be forgotten. The delirium may continue for days, even for weeks, until 
the body is physically exhausted. Compared with this, the amount of 
mental work an ordinary brain worker does seems insignificant, and the 
idea of nervous prostration from mental overwork is made to appear 


ridiculous. 


RecURRENT MANIA. This recurs at intervals, depending on the indi- 


vidual, after days, weeks, months, or even years. 


ALTERNATION OF MANIA AND MELANCHOLIA. In this there are periods 
when the mind is very active, followed by periods of the opposite extreme. 
One of my insane patients during a period of exaltation had Cacoethes 
scribendi, the mania to write, and wrote me his autobiography; it would 
form a fair-sized book if put into print. He wrote continuously, 


did not even want to take time for meals or to sleep at night. 


Curonic Manta. In this condition many individuals see visions and 


hold imaginary conversations; at times the brain is very active. 


DeMENTIA. At times when there is some disease producing fever 
there may be a transient lighting up of the mental faculties in dements, 
subsiding again with the subsidence of the fever. A study of such cases 


often sheds light on the mental processes in the normal, or sane. 


Eritersy. Epileptics about the time of an oncoming seizure may have 


active mental stimulation; the fact that some see visions is well known. 
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As a rule those confined in the hospitals for insane are quite demented, 
though there may be a transient mental improvement during or following 
some acute disease. 

One of my unique experiences was the observation of the great mental 
improvement following the injection of erysipelas antitoxin’ in an epileptic 
who was greatly demented; this mental stimulation, however, was only 
transient, subsiding on withholding the remedy, which proved too costly 


for continued use; in time there was a complete relapse. 


KIKATATONIA. Under this head I could write some lengthy accounts re- 
lating to mental stimulation from the use of desiccated thyroids.?  Indi- 
viduals who had been practically dead, both physically and mentally, had 


a veritable return to life under the use of thyroids. 


THYROID MEDICATION OR STIMULATION, The above experiments were 
continued with different classes of patients to find out the limitations or 
usefulness of the new drug. ‘This was quickly found., In a chronic 
maniac it brought on acute maniacal disturbance and had to be discon- 
tinued. On the other hand, in individuals who were very dull and stupid 
on account of myxedema? all that was required to restore normal activity 


was the use of this remedy. 


REDREAMING DREAMS: A personal experience while still living among 
the insane first directed my attention to dreams and the part they play 
in daily life. My experience in dreaming a dream over and over again 
during an attack of sore throat seemed so odd to me that I looked up the 
subject in the literature, and since then have questioned hundreds. I 
found nothing in the literatuve, and until recently did not meet any indi- 


viduals who had had a similar experience 


for this reason I gave a brief 
account in the Psychological Review for November, 1901. It may be 
added that while I dream much, but few dreams, comparatively, stand 
out vividly and are remembered next morning. An interesting study 
would be to seek the causation of dreams, why at times one dreams much 
and then again very little; likewise why certain periods of one’s life 
rather than others are picked out, so to speak, by dreams. 


DISEASE INFLUENCE ON MENTAL STIMULATION AND DREAMS. Here be- 


longs a number of notes on cases in which the stimulating influence was 


1 Epilepsy and Erysipelas. Journal Amer. Med. Assn., May 14, 1898. 
* Thyroid Medication. Indiana Medical Journal, June, 1896, 

3 Notes on Thyroid Medication. Ind. Med. Journal, Feb., 1898. 
*Myxedema. Indiana Medical Journal, June, 1904. 
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noticed, as for instance in tonsillitis, when the mind becomes very active. 
with a great rush of thoughts, but without ability to hold them. After an 
attack of acute illness there may be a “clear brain” with active thinking. 
This can be explained by assuming that the brain was rested while the 
body was sick, or that it was stimulated by the disease or sickness, or by 
returning health, and now has a new set of thoughts. 

Tuberculosis acts in many as a stimulant, producing especially cheer- 
fulness and hopefulness, just the opposite from the next. 

Acute Dyspeptic Attacks. as after the proverbial lobster salad. Here 
almost invariably the thoughts and the dreams are disagreeable, oppressive. 
Often it is less a question of the kind of food than of conditions under 
which the food is eaten. In the case of the lobster salad, the most favor- 
able condition under which it is likely to produce disagreeable thoughts or 
dreaming is, in the opinion of some, a midnight lunch after attending a 
theater. 

Chronic Dyspepsia. This to most of us brings up thoughts of pes- 
simism, the effects thus standing opposite to those of tuberculosis. As a 


supposed classical example, Carlyle might be mentioned. 


ATMOSPHERE, THE AIR OF PLACES. Literary people speak of the influ- 
ence of atmosphere, but this may not at all refer to air conditions. On 
the other hand, physicians since the days of Hippocrates speak of the air 
of places. From a study of the subject one might almost come to the con- 
clusion that the locality, the environment, has as much influence on 


thought stimulation as on the production of ill health and disease. 


War Times. In my chronological account are some data relating to 
a friend whose regiment was called into camp on the breaking out of the 
Spanish-American War. The event was a great thought stimulant to him, 


especially when lying awake at night. 


TrRavepr. Next in order comes 2 mass of data based on a year’s travel 
in Hurope. The value of travel as a stimulant to the mind is recognized by 
everybody. The following is taken from my notes relating to this period : 

“One day, at Heidelberg, I dropped into an inn for a bite to eat. I 
was going to sit down before a long empty table, when I was informed 
that it was a Stammtisch; that meant I had to take a seat elsewhere. 
While eating my modest meal, there was a rush of thoughts concerning 


the influence of the Stammtisch on the life of German thinkers, especially 
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college professors, who frequently meet about such a table to exchange 
ideas, or get new ones, or both. Then my thoughts went to England, to 
its old coffee houses and the influence on the English writers who met 
there. That in turn brought to the mind the relative merits of beer and 
wine and coffee as aids to thought stimulation, and this again brought 
up the thought of the influence of tobacco smoke, whether this at bottom 
had anything to do with the matter, and that again brought me back to 
America, to our newspnrper offices, where reporters often work in dingy 
offices densely filled with tobacco smoke and where many of the so-called 


‘pipe dreams’ are concocted.” 


HEALTH, ILL HEALTH, CuHronte ILL HEALTH, DISEASE. During the last 
ten years I have been occupied more especially with adults in chronic ill 
health, as distinguished from real disease, and very naturally I have fol- 
lowed the subject of thought stimulation among this class. There is one 
very practical aspect, one, however, that is largely neglected by the ay- 
erage practitioner of medicine; that is, long sleepless nights during which 
the mind of a patient may be thinking all sorts of thoughts, usually dis- 
agreeable; if there is sleep there may be much disagreeable dreaming. 
The physician who is able to give patients of this kind restful nighis is 
usually accomplishing something that his predecessors failed to do. 

Individuals in chronic ill health often have very active minds and 
react acutely to certain drugs, such as opium, alcohol, caffeine; similarly 
to the salicylates, which are largely used in counteracting infection and 
inflammation. Many react acutely to the influence of travel. Thus while 
travel at home may disagree, travel in a foreign country may be bene- 
ficial. One can, of course, readily understand how in the case of literary 
persons one country may be preferred to another. But even common peo- 
ple who do not lead much of a mental life may notice the influence of 
travel, as when a farmer living in isolation complains of active dreaming 
or of restlessness at night after a trip to town. Among my case reports 
are at least four in which there was active stimulation of the mind while 
traveling on railways—in one case the thoughts or ideas were used in 
literary work. It may also be said that individuals with lively minds, 
literary people generally, react acutely to their surroundings, or to influ- 
ences that scarcely produce an effect on the average man. 

During the past few years I have been trying in my practice to dis- 


tinguish between individuals who lead an active ‘“Seelenleben” and those 
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who do not. In a general way I can divide my cases (whether active 
minded or not) into four groups according to their ill health. 

(a) Catarrh Victims, especially those subject to common colds and 
sore throat accompanied by disturbance in temperature, febrile condition, 


with more or less “fever fantasy,” when all sorts of thoughts rush through 
the mind. If the individual is a writer and not too ill he may jot down 
some of these thoughts and utilize them. In some a recumbent position 
is an additional stimulating factor, and, indeed, people in health can 
often think best when reclining. One of my friends explained it by saying: 
“The pressure is equalized when lying down, there is less blood in the 
feet and more in the brain.” 

Catarrh victims may or may not be cheerfully excited—those in- 
fected with tuberculosis may be very cheerful and hopeful, the opposite 
of the next. 

(b) Dyspeptics as we all know are usually pessimistic. One of my 
friends has said: “Beware of the literary critic who has dyspepsia or 
an acute dyspeptic attack, for he will see nothing to praise in your work 
or effort; all is gloom to him and mankind is going to the bow-wows.” 
The depressed mental state may not last long in an acute attack, just as in 
the case of the boy who has colic from eating green apples, who thinks 
he is going to die, although he will be as well as usual the next day. 

(c) So-called neurasthenics, known also as neurotics, and “the nery- 
ous.” As a rule this class reacts acutely to environmental influences, and 
at night there may be insomnia with the mind actively at work. As to 
actual work, individuals vary greatly. Many have large thoughts but 
produce little; some are simply regarded as dreamers. What is com- 
monly regarded as brain tire may really be motor tire; the brain is 
active enough, but there is no desire or little inclination for physical ex- 
ertion necessary to write out the thoughts—a mental overstimulation with 
a motor paralysis, so to speak. 

I have notes on one case, a man who would ordinarily be regarded as 
a neurasthenic, who dreams much and gets new ideas in his dreams, jot- 
ting them down in the dark at night, in bed. But frequently he finds in 
the morning that he has no notes, for, after a dream that he wants to 
record, he dreams further that he is recording it or has made an entry 
on his scratch tablet, and then sleeps on; all has been a dream. Sometimes 
on awakening he retains an indistinct idea of the dream which he wanted 


to record. 
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The influence of environment may be very marked in this group, as 
already mentioned. Some men can do their best work in the city, others 
in the country. I have a curious account of a writer who habitually ran 
out of ideas and then went to the nearby large city to spend a day, or 
rather night, for he would lie awake in the dark, in his room at some large 
hotel, filling scratch tablets with all sorts of thoughts or ideas that came 
to him. It would be interesting to know whether there was any marked 
change in blood pressure, whether he may not have belonged to the next 
group. 

I shall refrain from citing more such cases, for to make reports val- 
uable they should give a lot of details, or we may be wholly unable to 
draw conclusions regarding possible causes. In a general way it may be 
said that the more details in a case report the better. 

(d) A group of cases that may be called cardio-vascular, in which 
there are disturbances in the blood pressure. At times of a high blood 
pressure there may be great mental activity. Brief mention may be 
made of a few cases. 

Mrs. A. Middle-aged woman with a persistently high blood pressure, 
rarely under 200 mm, and often much above that, even to 250 mm. Com- 
plains of the mind being very active, all sorts of “komische Gedanken” 
passing through the brain; but at times of unusually high pressure the 
thoughts are anything but comical, the “Gedankenflucht” being the oppo- 
site; she at times fears enacting a tragedy. When I add that my own 
pressure runs from 100 to 110 mm, the significance of a pressure of 250 
mm will be better understood. 

Mrs. B. Elderly woman, gloomy and worrying thoughts both on ac- 
count of ill health and possible financial difficulties. To distract her 
mind, to change the trend of her thoughts, her relatives nightly took her 
to a crowded revival meeting, but it was quickly found that conditions 
grew worse, and that the rush of thoughts seemed to prevent sleep alto- 
gether. She came to me and I found a high blood pressure. Simple 
medication and remaining away from the meetings caused the high pres- 
sure to disappear within a week, and the mental disturbance to subside, 
followed by a philosophical state of mind with cessation of worry. 

Neither of these two individuals is intellectual; they do not utilize 
their thoughts. 

Mrs. C. Middle-aged intellectual woman. Great rush of ideas at 


times of occasional high blood pressure, especially at night, often prac- 
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tically sleepless on this account. In the day time felt too fatigued, tired 
out, to be inclined to exert herself physically, but the mind would per- 
haps be very active. Often had “bright thoughts” at night and wanted to 
get up and jot them down, for she was unable to recall them the next 
morning, but ker physician had told her not to do this, as it would ag- 
gravate her insomnia. When she came to me, I promptly advised her to 
jot down her thoughts, that with a little practice she could do this in the 
dark; at the same time I instituted measures to reduce the blood pressure 
—and when the pressure went down the automatic action of the brain 
ceased and sound sleep returned. Ilow to bring down a high blood pres- 
sure is a medical question that need not be discussed here. 

Mr. D. Middle aged man in whom a tendency to increased blood 
pressure gradually developed, along with much dreaming at night and 
subconscious mental activity, the thoughts coming at such times being 
utilized in his work. Problems and matters awaiting solution would be 
taken up and worked out at such times. This subconscious activity was 
always orderly, entirely different from that of dreams, for in the latter 
there were all sorts of incongruities and anachronisms. A change in 
environment caused the high pressure to subside and with it the subeon- 
scious mental activity, but the dreaming continued as formerly. Now and 
then there is a period, or it may be but a single night, of automatie ac- 
tivity, and the question is to find out the why and the wherefore of this 
activity. 

Mr. BE. The most literary man in a small community; past middle age; 
mind always at work. Came to me complaining of symptoms of ill health. I 
suspected cardio-vascular disturbance and on examination found a high 
blood pressure. IT at once proposed a systematic examination, with health 
supervision. But to be literary does not necessarily imply the possession 
of good common sense, and instead of following my advice, given him at 
length, he adopted an easier and simpler course; he changed doctors. Te 
went to a man who merely gave him a little medicine. A short time ago 
he died suddenly of cerebral hemorrhage.’ 

Ordinary people when they have a rush of thoughts at night may 


simply worry because they are not able to sleep, whereas the brain worker 


incined to believe there was none at the time he came to me. It should be kept in 
mind that in this paper I am excluding children and the aged, as well as those 
afflicted with well-defined diseases or pathologie processes. 
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of thoughts, because it may furnish him material, data, plots. He may 
even seek to bring about this condition, or what is commonly called “in- 
spiration.” In this connection I might mention one case which may shed 
some light. A middle-aged literary woman had been complaining of dis- 
turbed heart action, marked especially by arrythmia. In order to correct 
the difficulty, her physician prescribed digitalis in larger doses than is 
usual. In a short time her mind became very active, with sleeplessness at 
hight and with a great rush of thoughts. She then came to me and I 
promptly had her discontinue the digitalis, when the mental excitement 
subsided. The supposed heart disturbance itself was treated by methods 
other than drug treatment. 

To what extent high blood pressure is a factor in thought stimulation 
in normal individuals I am unable to say. To study that will require 
“material.” If, as earlier stated, the physician wants to study those in 
health he must go to them, and seek out those whom he thinks suitable 
for his work. Moreover, a physician never has that complete control over 
his “material” as the biologist. Ile can take up or leave off work at any 
moment; the physician must get the consent of his patients. Even the 
hospital physician has a great advantage in this respect. 

It would seem a natural and simple inference that the increased cir- 
culation in the brain stimulates the cells, and thereby stimulates thought— 
and then at once the question arises, What brings on increased blood 
pressure 7? 

BorDERLAND Cases. Just where the normal shades off into the ab- 
normal or where “perfect health” changes into “ill health” is often diffi- 
cult to determine. There is no norm, there are no standards; what agrees 
with one may disagree with another. I will mention a few more factors 


which in some individuals play a role in thought stimulation. 


Music. The mind or imagination of some people is strongly excited 
by music. When one critically studies cases he may be able to make dis- 
tinctions between the infiuence of grand opera and rag time music, and 
whether the music is heard indoor or out of doors, as on a street corner 
or in a park. 

THEATER. Attending a play may bring on a lively “play of the im- 
agination.”’ 

CuHurcH. A merchant once told me that he did his best business 


thinking or planning while apparently listening to a long sermon. And I 
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know of a college student whose thoughts were most active while “listen- 
ing to a sermen.” Such stimulation is known to but few, while the op- 
posite, drowsiness, is known to nearly everybody. Perhaps the “constitu- 
tion” has something to do with it. I have notes on a preacher who gets 
his ideas for his next sermon a week ahead. If he fails to get them on 
Sunday night, he probably gets them at the time of the midweek prayer 
meeting. Local option meetings also seem to excite some—is it the en- 


thusiasm ? 


Srorms. Among my case reports are some of individuals whose 
minds were set agoing during the prevalence of a storm; if at night, there 
was much restlessness and sleeplessness with a rush of thoughts. An in- 


quiry into details often leads to curious results. 


WEATHER CHANGES should also be mentioned. The state of the 
weather is by many supposed to have an influence. I should especially 


like to hear from those who have made any observations along this line. 


Books. Books, as a source of thought stimulation or of inspiration, 
are generally Classified as good or bad, ancient or modern, new or old. 
To the average reader a book is simply a book, but those who utilize 
their thoughts or bright ideas may be able to make distinctions. Read- 
ing between the lines, an individual with a vivid imagination may get 
all sorts of new ideas, he may get more out of them than the author 


put in. 


Lectures differ greatly in their stimulating influence. To some an 
occasional lecture may be helpful, while repeated lectures may fail to 
stimulate, or one may say there is overstimulation and the mind fails 
to retain the impressions. We all know how the lectures of instructors 


vary; some stimulate the students, others do not. 


BARBER-SHOP INFLUENCES. One of my old patients, who lived at home 
all the time, went once a week to the barber shop, and then complained 
of insomnia with much dreaming at night. (But to make the story more 
complete it should be added that he was a chronic consumptive and that 
much coughing accompanied the insomnia and dreaming—some might re- 
gard this as a relationship of cause and effect.) 

I recall a statement in a French reader, “Nothing refreshes the mind 
like having the hair dressed.” A man is supposed to have made the re- 


mark—I mention this here as a possible factor in mental stimulation in 
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women, as they often spend much time in dressing the hair. Perhaps that 
statement is on a level with that of the poet who spoke about “scratching 


the head, thinking the thoughts would come,” etc. 


EXERCISE may be an essential to a writer or sedentary thinker, as for 
the man who writes all forencon and puts in the afternoon walk- 
ing, riding, rowing, gardening, etc. Here one would have to distinguish be- 
tween properly working up ideas and getting new ones, between resting the 
brain by a different occupation and getting new thoughts while so occu- 
pied; the new thoughts may perhaps come involuntarily while physically 


employed. 
Barus of yarious kinds seem to be a stimulant to some persons. 


“BrING IN HARNESS” is an important factor, as in the case of the 
business man who could not think, could not plan, while on a vacation, but 
the moment he returned to his dingy office his mind became very active. 
One man of affairs told me he would rather wear out than rust out, mean- 
ing that although he felt better physically while away from his old occu- 
pation his mind was dull; he would rather not feel so well bodily than 


to have ennui and boredom. 


SUBCONSCIOUS MENTAL ACTIVITY. 


Perhaps the most interesting phase of the whole subject is that of 
so-called subconscious cerebration, with its various synonyms, such as 
automatic cerebration, unconscious cerebration, etc. This form of mental 
activity is to be clearly distinguished from conscious activity on the one 
hand and from dreaming on the other; it is neither. Thus, while writing 
these notes, an old patient to whom the question was put gave me a good 
illustration. 

This woman is a clerk in a county treasurer’s office (I am not nam- 
ing the county). Ordinarily she does not dream, or so lightly that few 
of the dreams are recalled the next morning. She has what may be con- 
sidered good health, but at times does complain of some minor ills. Twice 
a year she works under great stress, at taxpaying time, when from early 
morning till late at night she is at the office, taking in money and receipt- 
ing for it. After a day or two of this hard work she continues the work 
at night, “in her mind,” to the exclusion of sound or refreshing sleep—the 


inind automatically and in spite of all her efforts to prevent going over and 
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over the work of the day. On account of the loss of sleep, etc., she be- 
gins to suffer in health, and feels sure that at times if there were a few 
more days of it she would break down. But she admits one advantage of 
this automatic action of the mind or brain: Errors are constantly oc- 
curring, and when the books are balanced at night no one can account 
for the various discrepancies, and, of course, there is worry. Now in her 
“night work,” during this automatic cerebration, she generally “sees” just 
where the discrepancies are and the next morning is usually able to 
make the corrections promptly. 

She has some well-defined ideas regarding causes, that is, of the con- 
ditions under which such activity comes on, and I shall consider her re- 
marks later on in summing up “causes” and “supposed causes.” 

Asked about dreams, she said they occurred in the winter time, rarely 
in the summer—the exceptions usually being times of actual illness. 

Another patient told me that as a boy in school he worked out his 
mathematical problems while in bed at night. After he left school this 
form of mental activity largely disappeared and now only occasionally 
returns; he utilizes it in planning his business affairs. 

INSOMNIA. After a wakeful period at night, perhaps of an hour or 
two, there may gradually come repose, and then when one is about to 
fall asleep, subconscious mental activity may come on with a flow of 
thoughts, perhaps valuable in one’s work. Then comes the conscious 
thought, “If I don’t jot down these thoughts or ideas they will be lost; 
if I do write, then the composure to sleep will disappear and I will 
again be wakeful and sleepless. Shall I write or not? Shall I put the 
thoughts on paper or get the sleep?” While undecided, sleep may come 
on, there may even be a dreaming that the thoughts have been written ; 
the mind is relieved and deep sleep follows. In the morning nothing is 
remembered of the train of thoughts. If, however, they were written out, 
then on awakening the whole occurrence likely comes vividly to mind. 
ov at least there are notes more or less clearly decipherable. This may 
also occur in the morning when one is about to turn over for another nap. 
and then this mental activity is confused with dreaming, but the coher- 
ency of ideas enables us to distinguish. 

Sleepless nights of active minded people who utilize their thoughts 
are often due to the fact that they do not want to let go of the thoughts 


that come. They lie awake. thinking about them, or they will be kept 
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awake by the very act of writing them down. When the mind is relieved 
and sleep is about to come, there may be another train of thought, and 
this teo must be disposed of. This may recur over and over, and as a re- 
sult there is a sleepless night. Insomnia is usually considered the bane 
of the brain worker, but perhaps after all it has its compensations. 

Some individuals can distinguish very clearly between dreaming and 
subconscious mental activity. Some who utilize their thoughts refer to 
the latter as “inspiration,” and in their attempts to bring on such a con- 
dition have tried all sorts of experiments. In reading biography one at 
times comes across statements that seem to refer to this condition of mind, 
as when Voltaire or Pope in the middle of the night called for his clerk 
or stenographer to take down a train of thought. This form of mental 
activity occurs in all kinds of persons, but as already mentioned is most 
marked in brain workers. The question naturally arises, What is back 
of it all? What produces this form of mental activity? By gathering a 
large mass of data one may be able to arrive at some conclusions. One 
can not solve the problem from a study of books, it must be studied in 
living persons whom one can question about details and antecedents. 

Here again my own observations have been confined mainly to those 
in ill health. To what extent automatic mental activity is a question of 
medicine and to what extent a problem in psychology may largely de- 
pend on the individual studied, as well as on the student—sn his knowl- 
edge and purpose. But we should not forget that the modern psychologist 
studies and investigates largely by the use of instruments, in his lab ora- 
tory. 

To study the influence of blood pressure requires the use of a sphyg- 
mograph, and that means that the study of thought stimulation due to the 
changes in blood pressure is beyond the man who makes but simple ob- 
servations. The man not connected with a laboratory might, of course, 
seek out a physician who makes blood pressure tests and would interest 
himself in the subject. 

On the other hand, auto-observations of what is going on in one’s 
own mind are or can readily be made by any one who will take the 
trouble to observe, no apparatus being required, unless it be a watch or 
clock to note the time of day or night and a fever thermometer in the 
case of those who have “fever fantasy’—which may or may not be dis- 


tinguishable from the mental activity unaccompanied by fever or dis- 
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turbance in the temperature of the body. At times the mental stimula- 
tion may be whoily out of proportion to the rise of temperature, and I 
have had cases where there seemed to be a high temperature, judging by 
the redness of the face and the complaints of the patient, and yet the ther- 
mometer failed to reveal any eleyation of temperature. One has to dis- 
tinguish between “feeling feverish” and having a real fever, that is, an 
actual elevation of temperature. 

Just now a fad has spread over the country which gives undue im- 
portance to this form of mental activity in the treatment of ill health and 
the cure of diseases. It would seem that there are two kinds of psycho- 
therapists, the real and the pseudo. The former limit themselves to so- 
called neuroses and functional disturbances, while the latter ascribe sub- 
conscious mental activity to practically everything—except perhaps to the 
healing of broken bones. 

I have already referred to the fact that some individuals make sharp 
distinctions between dreaming and subconscious mental activity or sub- 
conscious cerebration. I myself believe these are two different processes 
but one will have to give close attention to what is going on in the mind 
to enable him to discriminate. As to the possible existence of a “subcon- 
scious mind,” as an entity, that is another question. Perhaps it is synony- 


mous with the “soul” of the old philosophers. 


QUESTIONING ABourT DREAMS. In questioning people about dreams one 
quickly learns to divide dreamers into three Classes. 

There are those who “wonder what it means,” who are constantly 
speculating on the significance of a dream. Some will tell of having 
heard some one telling of seeing a certain event in his dream and found 
that very thing to have actually occurred at the time and _ place 
indicated in the dream. ‘They will tell of it in detail, if one list- 
ens, and then ask. Now how do you explain that? Personally, I have 
never had such a dream, one in which I “saw in my dream’ events or 
incidents that actually happened. either at the instant the dream occurred 
or the next day or next. week, or at any time. Neither have I met a 
single individual who had such a dream or “foresaw” an unusual event. 
When we consider that out of thousands and thousands of dreams some 
one may have noticed such an incident. we must conclude that if was 
simply a coincidence, as where during a thunderstorm at night a relative 
or a friend exposed to the storm “is seen,” either struck by lightning or 


being near the place where it did strike. 
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Now it would seem quite natural for one when awakened by the peal 
of thunder to think of his relative, and the sudden thought may be mis- 
taken for a dream. Even if it were a real dream and “came true” it 
must still be regarded as a coincidence, as one instance out of thousands 
of dreams the rest of which did not come true. We hear of the par- 
ticular one, and as just remarked, at second hand, or even a number of 
removes from the original source, to the neglect of all dreams that did 
not come true. At times we see a mention in the newspapers of dreams 
that “came true.” 

A second class is composed of those who pay no attention whatever 
to dreams, and also those whom one Gan not interest in the subject at all, 
who may even express disgust at the very idea of giving a dream a sec- 
ond thought. This class is as unsatisfactory to the student as the other. 

Those who do give some attention to dreams and may be made to 
take additional interest when their attention is called to the subject form 
a third class—the class I have in mind in this paper. They are compatra- 
tively few—but, as in other things, to the few we owe our increase in 
knowledge. 

Out of the long list of factors and conditions enumerated in this 
paper only a few, perhaps only one or two, may play an important role 
in the life of any one person; to him, however, they may be essential. 
As an example, we have the man who requires the quiet of the country, 
or on the other hand, the man who requires the stimulation of city life. 

In asking for data one can put the question in several ways: In the 
case of those who have occasional periods when the mind is very active, 
we can ask, “Under what conditions does this occur?” “What causes the 
mind to become thus active?” While in those whose minds are nearly 
always active, but where there are occasional intervals of inactivity, 


when a man says, “I can’t think,” we may ask, “Why not?” 


As an addendum may be mentioned several other factors that stim- 
ulate the mind and bring on thoughts. 

Trying It on the Audience—‘“for further inspiration.” I recall how 
Dr. Jordan used to do this before his classes in Evolution, as he himself 
told us. I have often wondered how much inspiration he got from a 
dull class. 

An Assigned Task, as a factor, as where a member of the Academy 


sends in his title, and as the time for the meeting approaches gradually 
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“gets busy.” knowing that his paper must be ready at a certain time— 
for instance. myself during the last few days. 

Finally may be mentioned the Annual Academy Meetings as a source 
of stimuwation and of inspiration, especially to those of us who live in 


isolation. This is a factor in thought stimulation not to be undervalued. 
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HyGrene or INDOOR SWIMMING PooLs, WITH SUGGESTIONS FOR 
PracticaL DistNFECTION. 


By SEVERANCE BURRAGE. 


The “Ole Swimmin’ Hole” of our boyhood days is doomed. The fa- 
vorite spot in pond or stream to which we used to go after school for a 
good swim and play, with no thought for the microbe in the water nor the 
bathing suit for our bodies, is, for the boy of today almost unknown, and 
for the boy of the future will be but an unrealizable dream. With the 
udvance of civilization these swimming heles are being replaced by public 
bath-houses, and to these, or to gymnasiums that are provided witli 
swimming tanks, the boys must go for their swim. The streams and 
pouds have become polluted to such an extent that it is dangerous for 
the boys to bathe therein. This is the result of the increase in population, 
coupled with the great carelessness of individuals and communities in the 
disposal of wastes. This replacement of the natural swimming pool by 
the indoor swimming pool may carry with it new unhygienic conditions, 
and it is a discussion of these conditions and their elimination that forms 


the purpose of this paper. 


CONSTRUCTION OF INDOOR SWIMMING POOLS. 


One of the first requirements in the sanitary construction of the indoor 
Swimming pool is that it must be so constructed that it may be easily 
cleaned. To this end the surface of the lining material of the pool should 
be very smooth, such a surface as is provided by glazed tiles so laid as 
to avoid all cracks and crevices. At the angles formed by the meeting of 
the sides and fioor of the pool, curved tiling should be used, which would 
give the same result in the border of the pool flooring as is obtained in 
the angleless baseboard in up-to-date hospitals and operating rooms. The 
almost universal deposit of a slimy sediment in these pools, even when 
the water is comparatively clear, makes it necessary to provide for an 
easy and complete cleaning. A concrete or cement lining, made as smooth 
as it is possible to make it, furnishes a surface that is difficult to keep 


clean. 
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A swimmirg pool lined with the glazed tile referred to above is showa 
in Fig. 1, Purdue University Memorial Gymnasium, 1909. 

In addition to the outlets for the water in the bottom of the pool, it 
is advisable to have, at the overflow point, a suflticient number of outlets, 
or a trough extending all around the pool, so that when a scum or dirt 
collects on the surface of the water, the upper layers may be drawn off 


without necessarily emptying the whole pool. 


Fig. 2. Men’s Swimming Bath, Leeds, England. (Lighted by sky-light only.) 
By courtesy of ‘Modern Sanitation.” 
The floor of the pool room should be so drained that water dripping 
from bathers who have come out of the pool can not collect in puddles, 
and, furthermore, such water should drain, not back into the pool, but 


into the overflow waste pipes. 


THE WATER SUPPLY. 

The water supplied to the swimming pool must be pure, and every 
possible means used to keep it so during and after its use by the bathers. 
The nearest approach to an ideal water supply for an indoor swimming 
pool would be the provision for a pure water to start with, and a continu- 
ous change of water, during the use of the pool, the rate of this change 
being governed by the number of bathers in the pool. In most cases this 
is out of the question on account of the expense. 

The water of these pools is not exposed to the many purifying fac- 
tors that affect out-door waters. The pool is usually located in the base- 
ment or in buildings the interior of which the direct rays of the sun 
seldom reach. Thus one of the most important factors in the purification 


of natural waters is removed. It is true that the water does get some 
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aeration while the bathers are stirring it up, but because of the con- 
stant contamination at such times, this aeration cannot be counted upon 
as very much of a purifying factor. During the times when the pool 
is not being used. when the water is stagnant, no purification is tak- 
ing place. On the contrary, bacteriological tests have shown that there 
is an increase in the bacterial content, particularly if the water has been 
warmed up to a temperature of 75 degrees Fahr. or over. There is con- 
siderable sedimentation during such times, but if this sediment remains 
in the bottom of the pool to be stirred up when the bathers next use the 
water, this cannot be looked upon as purification. 

The cold plunge at the Fleischmann baths, New York City’ has ‘“‘enor- 
mous windows of plate glass facing south and the medicine of the sun 
apd the glory of the sky.” (Fig. 6.) Comparing this elegant sunny 


pool room with the condition in our average basement swimming pools, 


Fig. 3. Women’s Swimming Baths. Leeds, England. (Direct sunlight rarely reaches 
water.) By courtesy of “Modern Sanitation.” 

it makes the latter look dark and gloomy. The pool room at the Purdue 
gymnasium is on the south side of the building, and the windows are large 
for a basement room, and yet even this does not get the necessary sun- 
light for purposes of purification of the water. 

At the swimming baths at Leeds, England (Cookridge street), the sky- 
light is used for lighting the rooms, but even here the effect is none too bril- 
liant. (Figs. 3 and 4.) 


1Luey Cleveland, Modern Sanitation, Jan., 1908. 
Henry Gray, Modern Sanitation, Oct.. 1900. 
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POLLUTION OF WATER BY BATHERS. 


A bacteriological study of the water used by a bather at the Victoria 
Baths at Bonn,' shows well the character and amount of pollution that 
may take place in public baths. ‘The test was made on a stoker (Heizer). 
who was made to wash in a tub for three minutes, using no soap. Before 
the test, the bath water contained 24 bacteria in a cubic centimeter, and 
no Bacillus coli. Atter the three minute washing, the bath water con- 
tained 1,900 bacteria and 40 Bacillus coli in each cubic centimeter. 

Bacteriological tests made by the writer on the water of the swimming 
pool in the new memorial gymnasium at Purdue University demonstrated 
the presence of 930 bacteria per cubic centimeter in the water of the pool 
before being used by the bathers. After use by about thirty bathers, all 
of whom were supposed to have taken a soap shower before entering the 
pool, the bacterial content was 109,200 per cubic centimeter. Tests were 
made for Bacillus coli, and the results were consistently positive after the 
pool had been used. The water immediately after cleaning the pool and 
refilling gave consistently negative results for Bacillus coli. 

The available literature gave almost no data as to bacteriological 


analyses of swimming pool waters.* 


DISEASE DANGERS IN SWIMMING POOLS. 


There are great chances for the dissemination of germ diseases through 
indoor swimming pools. The results of the bacteriological tests given in 
the preceding paragraphs, which showed the constant presence of the 
Bacillus coli in the water used by bathers, demonstrates the possibility 
of intestinal diseases, particularly typhoid fever. While bathers do not 
swallow the water intentionally, it is next to impossible to avoid getting 
some water into the nose and mouth, which would ultimately reach the 
intestinal tract. One does not have to be sick or to have any symptoms 
of typhoid fever to disseminate the germs of that disease. This is well 
shown in the notorious case of “Typhoid Mary” in New York.* 

Diseases of the respiratory tract have an unusual chance to be spread 


in the swimming pool. The bather with incipient tuberculosis, pneumonia 

‘Zur Hygiene der Hallenschwimmbade. Dr. Selter. Aus dem Ilygienischen 
Inst. der Univ. Bonn. Rundschau, Dec. 1, 1908. 

* Hesse, Dresden. Zeitschrift f.. Hyg. Bd. 25. Eden, Berlin. Arch, f. Hyg. Bd. 
19. Koslik, Gratz. Diese Zeitschr. 1898, 8. 361. 

° Whipple. Typhoid Fever. 
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or tonsillitis. with his sputtering, coughing, snorting and spitting, would 
undoubtedly infect the water with the specific germs of those diseases. 
Ordinary colds and sore throats following the plunge bath are frequently 
laid to the effects of the bath, while in most cases such results are un- 
doubtedly due to germ infection. One of the factors which lead the writer 
to take up this subject was an epidemic of colds among the users of the 
Purdue swimming pool this fall. 

Venereal diseases could be transmitted through the agency of the 
swimming pool. One case of gonorrhoea could infect many eyes in a 
crowded swimming pool. 

It is practically impossible to compel the bathers to submit to a com- 
plete medical inspection and physical examination before they are allowed 
to enter the pool, and yet from many points of view this would be a most 
desirable thing. 

The least that can be done for the protection of the bathers is to in- 
sist that certain rules be strictly adhered to. For example, such rules as 


the following are posted prominently in the Purdue gymnasium : 


TAKE A SOAP SHOWER BEFORE ENTERING POOL. 


All gymnasium privileges will be denied persons affected 
by any contagious or communicable disease. 
All persons must take a soap shower before entering the 
pool. 
All persons using the pool musTr wear bathing suits or 
trunks. 
Of course facilities must be provided for the required showers, and 
each person should provide his own towel and soap. 
In the Central Baths, Bradford, England, special arrangements are 
provided for washing the feet.’ a most desirable thing as a prerequisite 


to the use of the pool. (See Fig. 7.) 


PRACTICAL PURIFICATION OF WATER IN SWIMMING POOLS. 


The amount and character of the pollution in swimming pool waters 
point very clearly to the need of some practical process of purification. In 


most cases it is too expensive to have a continuous change of water, and 


1Centralized Public Baths. Bertha H. Smith, Modern Sanitation. November, 
1909. 
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in some too expensive to change the water once or twice a week. At the 
Central Baths, Bradford, England, the water is filtered. The expense or 
pumping the water and caring for the filter does not make the filtration 
process a particularly economical one. 

It occurred to the writer that some chemical, as copper sulphate or 
chloride of lime, both of which are being used extensively in the purifica- 
tion of sewage and sewage polluted waters, might be used in the treatment 
of swimming pool waters with but small expense. Inquiries in many di- 
rections and a careful search in available literature resulted in but scant 
information. A single reference’ reported the use of a chemical, an “elec- 


trolytic fluid,” by the medical officer of health of the metropolitan borough 
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Fig. 5. Plunge, East 23d St. Public Bath, New York City. (A fairly well lighted 
indoor pool.) By courtesy of ‘‘Modern Sanitation.” 


of Poplar, Mr. F. W. Alexander. This fluid is obtained by the electrolysis 
of a solution containing magnesium chloride, the result being a solution 
of magnesium hypochlorite. Treatment of water in swimming baths by 
this fluid was thought to be simple, economical and efficient, bacteriological 
tests on water so treated giving sterile results. 

3efore finding this reference the writer had conducted a series of 
tests on the water of the swimming peol at the Purdue gymnasium, using 
chloride of lime. 

Commercial chloride of lime (bleaching powder) is usually manufac- 


tured by passing dry chlorine gas over freshly slaked lime, the chlorine 


1 Scientific American Suppl. No. 1765, Oct. 30, 1909. 
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being obtained by the electrolysis of salt. This chloride of lime is cont- 
posed largely of calcium laypochlorite. When added to water this lhypo- 
chlorite dissolves, leaving a residue of calcium hydrate and calciui car- 
bonate. Both of these substances are entirely harmless factors in a bath 
water. The oxidizing power of the commercial chloride of lime is repre- 
sented by about 85 per cent of available chlorine. It is nascent oxygen 
that is the purifying factor, not the chlorine. 

The capacity of the Purdue swimming pool is 85,000 gallons, and GSO 
grams of the chloride of lime were used at each dose. This would be about 
the equivalent of 20 pounds to the million gallons. Before starting the 
experiment with the chemical, bacteriological analyses were made of the 
water for a week, the pool being emptied twice. No attempt was made to 
keep track of the number of bathers in the pool. 

The following table shows the results of the analyses for the week 
before using the chemical dosage, compared with the results of the analyses 
for the week while the dosage was going on. During the latter week, that 
is, while the tank was being dosed with the chemical, the water was not 
changed at all. 

The method of applying the chemical was to sprinkle it on the surface 
of the water in the pool. This was easily done with one trip around the 
edge, throwing the powder as one walked. The time occupied in this 


process was less than two minutes. 


No. of Bacteria 


Date. per c. c. B. Coli. 
Monday, November 1, pool just filled............... 560 None 
WVENENS 7 ETE WSO racssty cote tees) ov eheuerares br evened ieuenerstoe 6,160 Present 
Mesdayea. ms INOVEMDER Zi is co sisiete ole wus were oaelete and 20,650 Presen| 
BIVETUMNG VATECR USC. stds shoters cree ticle wake woateneenetedape 37,600 Present 
Nwednesday. a: smi, November Siva. . acters aa ays ese 27,800 Present 
WVEnING CAITR Ge: aie Ate. © chek ocgls erento. GOD00 Present 


Tank emptied. 


THUrSaay Ah. GUSt ALCL Tie: oe. cet alad ole. serene 930 None 
VEMIN es 4 ACE USC iio cs 5-5 Bin e Stn ehcteny soles eden are ae te 8.500 Present 

lriday a. m., temperature of water 85 Wahr......... 109,200 Present 
VOM SS nUer ASCs « 2is7afe test Sia,.01e ets wet tas eo obe ett octane 106,400 Present 

Say as ., ONOVEDIDER: (07.3%, cc lele ch etre eres 118,000 Present 


BIVEMUING < SUL UCT: MUISCS sw cate cose ssw See "ey aetnp a acerare, eatacaant aes 140,000 Present 
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Monday, November 15, pool freshly filled....... Be ec TSO None 
EVM ee UCT AUIS Ca rsucten ste eke tetorsad es neve chekons slcusiel erat 23.100 Present 


Pool dosed with GSO grams chloride lime. 


TESA aya NOVEMDET! Ge ale ells as els eerie wists = eicce) o's at ee 26 None 
HM VeNIN ee Faire TelIS@s Wace tte > nereteheciceosuce spe aeeles < 12,000 Present 


Pool dosed with chloride of lime. 
PVECHES@ AV: ian M:,) INOVEMDOCI II 5 cl. jcc tee te cmeus cles 14 None 
Pvening, after use (no sample). 
Pool dosed with chloride of lime. 
Thursday a. m., November 18, water had not been 
changed as was usually done............... 9 None 
Evening, after use (no sample). 


Pool not dosed. 


FDTE Calverley IN NOVEM CTS: IO acs aeyewnciscrs colo cre ecnveierarea sais 11,200 Present 
Hivieniimnes SaiulerantS@ae, .. cy cccers: sche cious. o aie isistneiere aueirs laste 20,500 Present 


Dosed with chloride of lime. 
SS ta L NS CAE eNGOV INTE) ETS tees es raures oye Avae akete ishusgia eeestaeey ens. co eRecenenc 1s None 


Ivening (10 sample). 


A study of the results shown on this table indicates that the effect of 
the chloride of lime treatment is almost complete sterilization. The sam- 
ples of water taken the morning after the water had been dosed in no case 
showed more than 26 bacteria per cabic centimeter. And what I believe 
to be a very important factor is that the general average of the bacteria 
is lower, much lower, than during the week when the chemical was not 
used. The effect of stopping the dosage is prettily shown in the Friday 
morning sample, November 19. The pool is used by the “coeds” and faculty 
ladies on Thursday evenings, and it was inconvenient for the writer to 
arrange to have the sample collected. No arrangement was made to have 


the chemical applied. 


SUMMARY AND CONCLUSIONS. 


There are certain dangers to health in the indoor swimming pools. 
The construction of the pools, the enforcement or neglect of rules govern- 
ing those who use the pools, the proper attention to the water supply, as 
to its purity before use by the bathers and after use, all have a direct 


bearing on the extent of these dangers. 
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On account of the expense it is practically impossible to provide for 
a continuous change of the water. The filtration of the pool water after 


use also involves some trouble and expense. The use of certain disin- 
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By courtesy of “Modern Sanitation.” 
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Plunge, Fleischmann Baths. New York City. Women’s Hour. 


Fig.6. 


fectants would seem to be more simple and economical. The writer would 


criticise the liquid or fluid chemicals as being harder to apply to the pool 


water. They would have to be thoroughly stirred into the water. The 
substance used by the writer, chloride of lime, is sprinkled on the surface 
of the water, and it to a great extent distributes itself by sinking through 
the water. The results of the bacteriological tests certainly indicate that 


the substance has a very great purifying power. 


Fig. 7. Facilities for foot-bath before entering plunge. Bradford, England. 
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By courtesy of “Modern Sanitation.’ 


The indcor swimming pool is a valuable hygienic factor in our public 
baths and gymnasiums. It makes the bath attractive to many who would 
otherwise look upon bathing as a bore. Anything which will tend to make 
the boys and girls, youths and maideps, men and women bathe more fre- 
quently is desirable. But the swimming pool has its dangers, and most of 
these depend not upon the users of the pools alone, but much more on the 
construction and management of them. Therefore we must look to the 
builders and directors of our baths and gymnasiums for the satisfactory 


hygiene and sanitation of indoor swimming pools. 
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CONDITIONS. 


As the population of a city increases, the difficulties of obtaining a 
sufficient water supply which is free from contamination by sewage be- 
comes more and more difficult. It is now a well established fact that 
sewage-contaminated waters are to a considerable extent the cause of 
summer complaint and other bowel troubles, besides the more dangerous 
disease, typhoid fever. ‘The extensive death rate among children is in 
some measure chargeable to impure water. 

There are very few large cities that are able to obtain a ground water 
of satisfactory quality and quantity. We are therefore driven to the use of 


surface water. 
OBJECT OF SEWAGE PURIFICATION. 


Large volumes of sewage are discharged into the White, the Wabash 
and Ohio rivers and their branches, also into Lake Michigan, by the cities 
situated near them. In order to maintain a stream in a condition ap- 
proaching normal purity, methods for the purification of sewage are ap- 
plied, so that the resulting effluent discharged into a stream is purer. This 
purification is obtained by some method of oxidation which will remove 
the putrefactive material or highly organized food on which pathogenic 
bacteria live. 

Sewage purification is a relative matter, and absolute purity of the 
efiuent is practically impossible and generally is unnecessary. The prob- 
lem, then, is to adapt available means to the conditions in order to eco- 
nomically defend the people against water-born diseases. 

Dilution may be considered a process of purification, and therefore 
the larger the volume of pure water available in a stream the lower the 
percentage of purification required, for wherever there is running water 
not already contaminated, oxygen is present and some purification takes 
place; vegetation and sedimentation also assist. 

The old theory that a stream would purify itself in a flow of ten miles 


Was a dangerous one, because it depended distinctly on conditions. 
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In many instances no doubt typhoid has been carried thirty miles by 


a river, and then has caused a serious epidemic. 


PROCESS OF PURIFICATION. 


While a certain amount of purification takes place in a septic tank, 
its office is rather that of changing the organic matter from the condition 
of suspension to one of soiution. Hence it is now more frequently called 
a hydrolytic tank. It is, however, important in that it makes the succeed- 
ing processes of nitrificaticn easier and permits of much more rapid treat- 
ment than would otherwise be possible. 

The second step is one of several types of filtration. First, we might 
place the slow sand filter, which was usually some 3 or 4 feet deep; over 
the surface sewage flowed either continuously or intermittently, the latter 
being the more efficient method. 

A second form was the contact filter, which was a tight tank filled 
with broken stone, coal or hard clinker. This tank was filled with sewage 
from the bottom, and after a time was emptied automatically. 

The third and most successful type of filter is formed of stone, about 
one-half inch in diameter. Over the surface sewage is sprayed or sprinkled 
periodically by automatie syphons. 

After filtration there is still left some organic matter, but, if the 
process is successful, it does not cause putrification. It is quite probable 
that some bacteria pass through the filter and thus gain access to the 
stream. Hence it has been proposed that where a high degree of purifica- 


tion is necessary the effluent from the filters should be sterilized. 


PURIFICATION PLANTS IN INDIANA. 


Two or three tanks were installed in Indiana some ten years ago, and 
a set of four small sand filters was at one time (about 1900) in operation 
at Indiana Harbor, but has since been abandoned. 

The oldest plant still in operation is at the Eastern Indiana Hospital 
for the Insane near Richmond. It consists of a concrete tank and inter- 
mittent sand filters. It treats the sewage of about 1,000 people and leaves 
the stream into which the effluent flows in a very satisfactory condition. 
It was built in 1901 at an expense of $9,000. The cost of operation has 


been negligible. 


The second plant of any size was built at the Southern fospital near 
Evansville. It was a chemical precipitation plant using lime or soda ash. 
After precipitation in large concrete tanks the sludge was pumped to a 
press; the resulting cake of organic matter was dumped into a cistern 
made for the purpose. The cost of the plant was originally $18,000, and 
the cost of operation about $1,200 per year. 

It was replaced in 1905 by a three-step process which included tanks, 
stone filters and finally intermittent sand filters. 

The conditions here required a high degree of purification. The popu- 
lation is approximately 1,000, and the cost of operation is probably less 
than $200 per year. The cost of reconstructing the plant was $10,000. 

In 1908S the city of Bloomington constructed a system of sanitary sew- 
ers and installed a purification plant consisting of a central concrete tank 
and two series of stene filters, the latter being sprinkling filters. 

Angola, a city of about three thousand population, is now construct- 
ing a system of sewers and a sewage purification plant consisting of sedi- 
mentation tanks, stone filters for the first treatment and sand filters for 
the final. The city will build a second plant next year. The cost of the 
two plants will be about $20,000. The cost of operation of these small 
municipal plants will be watched with interest, as it will determine in 
some measure the details of future designs. 

The city of Laporte, with a population of 12,000 and rapidly growing, 
is completing plans for a system of sewers and is providing for sewage 
purification. 

The city of Shelbyville is also constructing a system of sanitary sew- 
ers, and the entire town looks forward to sewage purification at some time. 

There is no question but that the educaticnal propaganda which the 
State Board of Health has been pursuing is bearing fruit. The state in- 
stitutions themselves are with a few exceptions well provided with a good 
water supply and sewage purification plants where they would otherwise 
prove a danger to neighboring communities. 

There can be no doubt but that this movement toward pure water will 
have a measurable effect upon the morbidity and mortality of the State. 

Purdue University. 

Lafayette, Tid. 
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Tuat Erroneous HiIawaTHa. 


By ALBERT B. REAGAN. 


Hiawatha. hero of Longfellow’s poem of the same name, is not recog- 
nized as a hero god by the Chippewa Indians. Neither the name nor the 
person designated occurs in the mythology of these people. Their god is 
Menibusha, and the only word approaching Hiawatha is Ket’-che-wah’-sah, 
which means “afar off.” Through the kindness of the Indian missionary 
and court-agency interpreter here, Rey. Frank H. Pequette, who is himself 
a Chippewa and has lived and preached in various parts of the Chippewa 
country, I quote his own summing up of this subject: 

‘When a white man asks an American who is the greatest man of his 
country he answers, ‘George Washington.’ But I am here to declare that 
Hiawatha is not the hero of my race. This personage is unknown to the 
Chippewa Indian. 

“The Indian lad sitting in the forest with his bow and arrow, obsery- 
ing the trees and the sky and the sand and the water of the Great Lakes 
and the animals and the fishes, asks himself, *\Who made these?” He cannot 
answer the question himself, so he asks the old medicine man of his tribe. 
‘Menibusha,’ answers the sage. ‘Menibusha made the earth, sky, the sun, 
moon and stars, and the wild things and the fishes, and he made you also, 
my son.’ So says the medicine man of the tribe. Menibusha also made 
the land, the island-continental surface on which we now live. He is the 
first brother of all mankind and now lives in the East. 

“All the Indians before they became Christians (that is, all Chippe- 
was) supposed that Menibusha was the Supreme, the greatest man and god 
of his nation. And when the first white man asked the Indian the ques- 
tion who was their greatest personage the Indian replied, ‘Menibusha.’ 
“Where does he live?’ of course asked the white man. ‘Ket’-che-wah’-sah,’ 
replied the Indian—meaning (that he was) afar off. The white man’s 
ears were not tuned to the Indian sounds used in pronunciation and he 
caught it Hiawatha, which did not mean god, but ‘afar off’; and one great 
white fellow, Longfellow by name, wrote our legends with this unknown 


Hiawatha. But this Hiawatha is not known to us Indians.” 


[11—23008] 
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MepicinaL VaLuE or Kupatrortum PERFOLIATUM. 
By A. J. BIGNEY. 


EHupatorium perfoliatum, commonly known as thoroughwort, or boneset, 
is a well-known plant, yet its real medicinal value is not as well known 
as it should be. This plant varies from two to four feet in height, blos- 
soming in August and September, and is abundant in flat and swampy 
lands. It seldom grows in hilly sections. Nature seems to have made 
provision for the curing of the diseases prevalent in certain regions. In 
swampy countries chills, malarial, intermittent, typhoid and other fevers 
are common. Since boneset occurs in these localities and is particularly 
valuable for curing such diseases it seems to substantiate the above state- 
ment. 


The blossoms, small branches and leaves are the parts generally used. 


It has four medicinal properties—an emetic, a tonic, a light laxative and 
a diaphoretic. As a diaphoretic it should be taken hot just before retiring. 
This is specially helpful for colds and fevers. For restoring the powers 
of the stomach it is better to take boneset cold. 

For the diseases already mentioned boneset has been known and used 
as a home remedy for a long time. In the so-called la grippe it has not 
been used very extensively so far as I can learn. Some prominent physi- 
cians say it is almost a specific for it. 

My experience in its use dates from the first appearance of la grippe 
in this community, about 1889. As soon as the symptoms begin a teacupful 
of the infusion of the boneset is taken just before retiring. This produces 
some perspiration, strengthens the nerves, regulates the digestive organs, 
thus giving the body an opportunity to increase the building up of the sys- 
tem, and in this way the resisting power is sufficient to overcome the dis- 
ease. Occasionally the next day some of the cold infusion may be taken, 
always before meals, for, after eating, the emetic power may predominate. 
The next night the hot solution should be taken. Usually this kind of 
treatment will cure the disease without going to bed at all. This treat- 
ment should be taken early in the development of the disease in order to 
get the best results. 
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The first time of taking it, it should not be very strong until a person 
finds out its action on his stomach, for the emetic influence is exerted much 
stronger in some persons than in others. If one can retain it, it matters 
but little about the strength of it. It is made as ordinary tea. 

I have thoroughly tested it in my own case when la grippe has been 
making its invasion, and as a result I have never yet had a regular siege 
of the disease. My own family has tried it time and again with splendid 
results. Some people cannot take it at all because of its emetic effect. I 
have given my neighbors the benefit of my experience. While its results 
are always good, yet in some persons the results will not be as marked as 
in others. 

The students of Moores Hill College have been very willing to respond 
to my desire to have them test it. Students have come into the class- 
room with the symptoms strongly developed, and on being advised to take 
this remedy have actually taken it that night. They would report that 
the results were even better than they could have expected in so short 
a time. They would not even have to stop work. Scores of reports could 
be given, but I do not think it necessary. The best way will be to test 
it for yourself. It can be secured from your druggist if it does not grow 
in your locality. An extract of boneset is made, but I have had no ex- 
perience with it. 

I am pretty thoroughly convinced that nearly every case of la grippe 
can be cured by this remedy if taken early in the development of the 
disease. 


Moores Hill College, 
Moores Hill, Ind. 
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RerractiveE Inpex as A Measure oF Dry SUBSTANCE IN 
SACCHARINE Propwcts.* 


By A. HucH BRYAN. 

Dry substance determinations are the most difficult determinations a 
a chemist has to make, and again one of the most important. In sugar 
materials, containing many organic substances and also inorganic salts, 
various reactions and changes are going on when the sample is heated in 
the course of making a dry substance determination. Varying degrees of 
heat also tend to decompose these substances. Also, the length of time of 
heating is a very important factor. The accepted method for sugar com- 
pounds, where accurate results are desired, is the loss of weight at 70° 
C. when heated in vacuum. It has been found at that temperature that 
levulose shows little, if any, decomposition. Sugar chemists of Germany 
modify that procedure by drying at 65° to 70° C. in the air until all vis- 
ible water is gone, and then heat for from 2 to 4 hours at 105° C. in 
vacuum, it being claimed that by first drying and then heating to 105° in 
vacuum, no sugar is decomposed. It is a fact, however, that if one makes 
two determinations of moisture on the same sample at different times, 
it is more than likely that the results will not check. Differences of as 
high as 0.5% have been noted, especially where the substance under exami- 
pation is high in reducing sugars. It can hardly be expected to obtain a 
method for determining moisture accurately without a direct determination 
of this by drying. Such a procedure takes time, and at its best, so far, 
gives only approximate results. 

The refractometer was first tried in sugar work by Strohmer (Zeit 
Ruben Zuckerind., Vol. 21, p. 256) in 1884 and again in 1886 by Muller 
(Ibid. Vol. 37, p. 91). They showing that the index depended on the 
concentration of solution. The latter investigator gave a table for esti- 
mating the dry substance of beet juices from the refractive index. Again 
in 1901, Stolle published a table for the above. All of these used the old 
forms of instruments. Tolman and Smith,’ using the heatable prism in- 
strument, such as is used today, and pictured later in this paper, found 


*Published by permission of the Secretary of Agriculture. 
lJour. Amer. Chem. Soe. (1906), 28, 1476. 
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that for equal concentrations, all sugars have about the same index of re- 
fraction. Main’ published tables of water content from refractive index 
in 1907, and called attention to the accuracy of this method, as compared 
with the true dry substance. Since that time the literature has been full 
of articles on this method of determining the dry substance. 

All authors, with but few exceptions, claim much for this method as a 
quick one and yielding comparable results. They all agree that the re- 
sults so obtained are nearer the true dry substance than by obtaining the 
dry substance from the specific gravity. The substances dissolved along 
with the sugar seemingly have a closer refractive index to sugar than 
specifie gravity. 

Working on syrups of various origins, I obtained the following aver- 
age figures... The method for true dry substance was loss of weight in 
vacuum at 70° C. The table of Prinsen Geerligs, and also his corrections 
for temperature were used. These are given later in this paper. 


IN CASE OF MAPLE SYRUP. 


Thirteen samples were examined. In only one case was the refracto- 
meter dry substance higher than the true, and in all others the true dry 
substance was higher. This difference ranged from 0.20% to 1.54% with 
an average of 0.50%. 

WITH CANE SYRUP. 

Ten samples were examined. In three cases the refractometer dry 
substance was higher than the true by 0.16%, 0.34%, 0.62%. The other 
cases range from 0.24% to 0.93%, or an average difference on the whole 
of 0.29%. 


HONEYS. 


Twenty-four samples were examined. In 2 cases the refractometer 
dry substance was higher than the true by 0.21% and 0.91%. In all the 
rest it was lower by from 1.15% to 2.52%, with an average of 1.45%. 
This is the greatest difference noted. One of three causes or all may ac- 
count for this large difference. (1) The actual dry substance may not be 
right, viz., this product may not give up all of its water at 70° in vacuum, 
or, (2) the dextrin of the honey may change the refractive index of the 

lfnter. Sugar J. (1907), 9, 481. 


2Norr. See Jour. Amer. Chem. Soc. (1908), 30, 1443, for a previous paper on this subject 
by the author. 
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whole, or, (3) the values given in the table for dry substance from refract- 


ive index may not be right. 


COMMERCIAL GLUCOSE. 


The two samples examined show the refractive index dry substance 
higher by 0.27% than the real dry substance. The closeness of these read- 


ings would tend to disprove the second cause for honey. 


CANE MOLASSES. 


Seventeen samples were examined. In 3 cases the refractometer dry 
substance was higher than the true by 0.16%, 0.39%, and 0.59%. In all 
the rest it was lower by from 0.38% to 1.53%. The average difference 
was 0.79%. 


BEET MOLASSES. 


Fifteen samples were examined. In all cases the true dry substance 
was higher than the refractometer. The difference varied from 0.38% 
to 1.83%, with an average of 1.08%. When the original substance was di- 
luted one-half with water, and a reading made on this, the dry substance 
obtained was doubled. The results showed 5 cases where the refractive 
index dry substance was higher than the true by from 0.25% to 0.53%. 
In all other cases, the true was the highest by from 0.89% to 1.62%, with an 
average of 0.36%. It is seen then by dilution, the average difference be- 
tween the true dry substance and refractometer has dropped from 1.08% 
to 0.36%. The results then are nearer the true dry substance. This 
comes about by being able to get a clearer field and thereby a closer read- 
ing. 

However, later work has shown that this dilution with water, even 
though it has brought the dry substance by refractometer nearer the true 
dry substance, introduces a serious errer. When water is added to 
molasses there is a contraction in volume. 

This contraction has been taken into account in the construction of 
specific gravity and refractometer table for pure sugars so that solutions 
of the latter, whether mixed with water or a sugar syrup, will give the 
correct percentage of solids either by specific gravity or refractive index. 

The impurities, however, which accompany sugars in solution in mo- 


lasses, have not only a different specific gravity than sugar, but also a 
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different contraction co-efficient, so that the solution diluted with water 
shows a different specific gravity or refractive index than that calculated 
from tables for pure sugars. 

To reduce these variations of contraction to the minimum, a concen- 
trated pure sugar solution is used as a dilutant. Results obtained with 
some cane molasses samples show the error that is introduced by the water 
dilution and also the effect of the sugar dilution. 


Ditutep Hauer WitH— 


Sample No. | Undiluted Molasses. 
Water. Sugar Sol. 
‘ | 
1 80.57 83.24 80.91 
2 72.32 72.94 Wea 
3 77.92 78.44 77.91 
4 73.92 75.34 73.81 
5 82.05 84.44 82.41 


In the undiluted form all of these can be easily read. The half dilu- 
tion with water is anywhere from .62% to 2.7% higher than undiluted 
while the half dilution with sugar solution varies from 0.0 to 0.5%. 

Tischtschenko (Z%. des Vereins Deut. Zuckerind., Feb. 1909, 103), calls 
attention to this possible error in the determination and recommends the 
use of a pure sugar solution. Von Lippman corroborates the results 
(Deut. Zuckerind., 34, 1909, 401). It therefore behooves us to use sugar 
solution in diluting our dark colored solution in preference to water. The 
formula for calculating the dry substance when using a concentrated 
sugar solution as a dilutant is: 

(A+ B) C— BD 
Sa 
in which X—% dry substance of the original sample, (A) the grams of 


— 


the original substance mixed with (B) the grams of concentrated pure 
sugar solution, (C) the % dry substance of the mixture obtained from its 
refractive index, and D= the % dry substance of the pure sugar solution 
obtained from its refractive index. The method of procedure is simply 
the preparation of a concentrated granulated sugar solution and mixing in 
a small beaker a weighed quantity of this with a weighed quantity of the 


original solution or sample, and taking refractive index of the mixture. 
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Summarizing the average results, we find that the refractometer dry 


substance is higher than the true. 
Per Cent. 


ithe ditkerence: in case of maple Syrup. <<... 2% «<6. 0.50 
Mes a@ifterence: il "GaSe! Of Cane SYIUP) o....00- 2.222556 0.29 
hey qufkerence. im Case OL NONCYS®. 2: = ses sce csoe- =< Seven eae 
dither @ditterence-incasey Of, GIWICOSe ee «eis teria) «<< << elerle © 0.27 
The difference in case of cane molasses ............... 0.79 
The difference in case of beet molasses ............... 1.08 
The difference in case of beet molasses (half) ........ 0.36 


With the exception of the honeys and possibly cane molasses, also 
beet molasses undiluted, the differences are well within the error of deter- 
mination of water by actual drying. By half dilution, the beet molasses 
is brought within the limits, and wuiere dilution with sugar solution tried 
this difference would be cut down considerably. Cane molasses, showing 
0.79%, might be considered within the limits, as a true moisture content 
on this material is a difficult task. Honeys are, then, the only ones whose 
difference is large, but it is hoped that with the work now being carried 
on, the reason for this difference will be obtained and a method for pro- 
cedure be established for this grade of substance. However, there is one 
thing to be said in regard to the refractometer, that it is possible to ob- 
tain duplicate results that are identical, and different investigators should 
obtain identical results, which is a condition that does not exist with the 
other methods for dry substance determination in use now. The refracto- 
meter method has the advantage of being quick and not losing accuracy 
by speed, and then only small portions are necessary for a determination. 

The method of making a dry substance determination is substantially 
this: The instrument (Fig. 1) is placed so that the light falls on the mir- 
ror (R) and this is turned on its axis to reflect the light up through the 
prism (B) and (A). The source of light can be daylight, but a better 
one is a 82 or higher candle power lamp. The tubular (D) is connected 
by rubber tubing to the source of water supply of constant temperature 
and the other tubular (E) has a rubber overflow connection. The ther- 
mometer is placed in its socket. The optical parts of the instrument are 
turned forward on the stand (a). By turning the catch (V) the prism 
B is swung open on (C) from prism (A) and a few drops of the solution 
to be examined is placed on the prism (A). Enough of the solution should 
be added so that on closing the prism (B) on (A) a part of the liquid is 


forced out. The optical parts are brought back into their original place. 
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The arm earrying the maguifying glass (L) should be down to the 
1.3 end of the scale. Then by lcoking through the eyepiece (I*), focusing 
the cross-hairs into plain view, the arm (IL) is moved until a bright color 


appears in the lower half of the field. By turning the milled screw (M) 


of the compensator the line of color is made more distinct; viz., there is 
sharpness of line dividing the light and the dark field. By moving the 
arm farther this line is brought up to a point where it coincides with the 


intersection of the cross-hairs. At this point, the index of refraction is 


LEY 


read on the scale (J). At the same time the temperature is read on the 
thermometer. 

The instrument should be tested first with water and its accuracy es- 
tablished thereby: Ref. Ind. of water at 20° being 1.3330. The substance 
to be examined should be at about the same temperature at which the 
readings are to be made. Therefore waiting a few minutes after applying 
the liquid to the prism, it could be considered that this is at the same 
temperature. 

Tables have been prepared fer converting the refractometer read- 
ings to dry substance or per cent. of moisture. To some of these pre- 
vious reference has been made. Hugh Main, in the International Sugar 
Journal of 1907, Vol. 9, page 481, gives a table covering this. The readings 
are to be made at 20° C. Geerligs has published a table also for dry 
substance from the refractive index. The temperature of the reading is 
28° C. and he has also prepared a table for corrections for other tem- 


peratures than 28°. These are now given: 
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Geerligs Table for Dry Substance 


in 


Refractometer, at 28° C, 
(Intern. Sugar J., 10, 69-70.) 


Sugar-House 


Products 


by Abbe 


B Po 
as As 
aie motel 
2 : 3s : 
Index. | 8% Decimals. Index. | 5 @ Decimals. 
BD iD 
ay Ay 
eae 
1.3335 | 1 | 0.0001=0.05 | 0.0010=0.75 || 1.4104 | 46 | 0.0005=0.25 | 0.0016=0.8 
1.3349 | 2 | 0.0002=0.1 | 0.0011=0.8 || 1.4124 | 47 | 0.0006=0.3 | 0.0017=0.85 
1.3364 | 3 | 0.0003=0.2 | 0.0012=0.8 || 1.4145 | 48 | 0.0007=0.35 | 0.0018=0.9 
1.3379 | 4 | 0.0004=0.25 | 0.0013=0.85 || 1.4166 | 49 | 0.0008=0.4 | 0.0019=0.95 
1.3394 | 5 | 0.0005=0.3 | 0.0014=0.9 || 1.4186 | 50 | 0.0009=0.45 | 0.0020=1.0 
1.3409 | 6 | 0.0006=0.4 | 0.0015=1.0 || 1.4207 | 51 | 0.0010=0.5 | 0.0021=1.0 
1.3424 | 7 | 0.0007=0.5 1.4228 | 52 | 0.0011=0.55 
1.3439 | 8 | 0.0008=0.6 || 1.4249 | 53 
1.3454 | 9 | 0.0009=0.7 | 1.4270 | 54 
1.3469 | 10 | | a 
| Pera | 1.4292 | 55 | 0.0001=0.05 | 0.0013=0.55 
ni arg Reval Bonet reer ts | 1.4314 56 0.0002=0.1 | 0.0014=0.6 
ee seal hea esi | 1.4337 | 57 | 0.0003=0.1 | 0.0015=0.65 
i.as30 | 14 Hd os | 1.4359 | 58 | 0.0004=0.15 | 0.0016=0.7 
ante Ice cay aenRacs on 1.4382 | 59 | 0.0005=0.2 | 0.0017=0.75 
pe bye Lei Sasa 1.4405 | 60 | 0.0006=0.25 | 0.0018=0.8 
Se elaieAl gaunt eicds 1.4428 | 61 | 0.0007=0.3 | 0.0019=0.85 
pita Prax Ri Sete 1.4451 | 62 | 0.0008=0.35 | 0.0020=0.9 
ee eee. ae: eee | 1.4474 | 63 | 0.0009=0.4 | 0.0021=0.9 
= rea | 1.4497 | 64 | 0.0010=0.45 | 0.0022=0.95 
1.3627 | 20 | 0.0010=0.65 Peal it = ih 
Fee ad wormhin Oy | 1.4520 | : 0.0011=0.5 | 0.0023=1.0 
; | 1.454: | 0.0012=0. =1. 
1.3661 | 22 | 0.0012=0.75 ; oe e 0-012 S03) 0 ae 
1.3678 | 23 | 0.0013=0.8 Wea geot Ibs 
1.3695 | 24 | 0.0014=0.85 ll 1.4615 9 
1.3712 | 25 | 0.0015=0.9 14639 70 
ben Pera: 4635 
ey tN thet CRs ee 1.4663 | 71 
4687 | 72 
1.3746 | 27 | 0.0001=0.05 | 0.0012=0.6 || 14687! 7 | , 
baie een | OO Oe 0.0013=0.65 || 1 4711 | 73 | 0.0001=0.0 | 0.0015=0.55 
1.3782 | 29 | 0.0003=0.15 | 0.0014=0.7 eee [ee a BEL. ip 
=~ -f || 1.4736 | 74 | 0.0002=0.05 | 0.0016=0.6 
1.3800 | 30 | 0.0004=0.2 | 0.0015=0.75 | is EP ae ees 
5 a || 1.4761 | 75 | 0.0003=0.1 | 0.0017=0.65 
1.3818 | 31 ; 0.0005=0.25 | 0.0016=0.8 | | thy? = = 
ieee = _ || 1.4786 | 76 | 0.0004=0.15 | 0.0018=0.65 
1.3836 | 32 | 0.0006=0.3 | 0.0017=0.85 | feet = 2 
a regia || 1.4811 | 77 | 0.0005=0.2 | 0.0019=0.7 
1.3854 | 33 | 0.0007=0.35 | 0.0018=0.9 | 3 5 Xs 
Peat || 1.4836 | 78 | 0.0006=0.2 | 0.0020=0.75 
1.3872 | 34 | 0.0008=0.4 | 0.0019=0.95 || .",0., | - re x 
: 7 || 1.4862 | 79 | 0.0007=0.25 | 0.0021=0.8 
1.3890 | 35 | 0.0009=0.45 | 0.0020=1.0 | : Be ie 
a 1.4888 80 | 0.0008=0.3 | 0.0022=0.8 
1.3909 | 36 | 0.0010=0.5 | 0.0021=1.0 ma = 
Sasenlese) | -oniietitee 1.4914. 81 | 0.0009=0.35 | 0.0023=0.85 
nea ae Serre 1.4940 82 | 0.0010=0.35 | 0.0024=0.9 
Dead liao | 1.4966 83 | 0.0011=0.4 | 0.0025=0.9 
ey pr 1.4992 84 | 0.0012=0.45 | 0.0026=0.95 
Saas P 1.5019 85 | 0.0013=0.5 | 0.0027=1.0 
eo ee ; 1.5046 | 86 | 0.0014=0.5 | 0.0028=1.0 
1.4023 | 42 | 0.0001=0.05 | 0.0012=0.6 || 1.5073 | 87 
1.4043 | 43 | 0.0002=0.1 | 0.0013=0.65 || 1.5100 | 88 
1.4063 | 44 | 0.0003=0.15 | 0.0014=0.7 || 1.5127 | 89 | 
1.4083 | 45 | 0.0004=0.2 | 0.0015=0.75 || 1.5155 | 90 
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Table of Corrections for the Temperature. 


Dry SuBsTANCE, 


Temperature 

ot the o | 5 | 10 | 15 | 20 | 25 | 30 | 40 | 50 | 60 | 70 | 80 | 90 

Prisms | | 

in °C. 2 ees ee seal 

SUBTRACT. 
| 
20 0.53 | 0.54 | 0.55 0.56 | 0.57 | 0.58 | 0.60 | 0.62 | 0.64 | 0.62 | 0.61 | 0.60 | 0.58 
21 0.46 | 0.47 | 0.48 | 0.49 | 0.50 | 0.51 | 0.52 | 0.54 | 0.56 | 0.54 | 0.53 | 0.52 | 0.50 
0.74 0.40 | 0.41 | 0.42 | 0.42 | 0.43 | 0.44 | 0.45 | 0.47 | 0.48 | 0.47 | 0.46 | 0.45 | 0.44 
23 0.33 | 0.33 | 0.34 | 0.35 | 0.36 | 0.37 | 0.38 | 0.39 | 0.40 | 0.39 | 0.38 | 0.38 | 0.38 
24 0.26 | 0.26 | 0.27 | 0.28 | 0.28 | 0.29 | 0.30 | 0.31 | 0.32 | 0.31 | 0.31 | 0.30 | 0.30 
25 0.20 | 0.20 | 0.21 | 0.21 | 0.22 | 0.22 | 0.23 | 0.23 | 0.24 | 0.23 | 0.23 | 0.23 | 0.22 
26 0.12 | 0.12 | 0.13 | 0.14 | 0.14 | 0.14 | 0.15 | 0.15 | 0.16 | 0.16 | 0.16 | 0.15 | 0.14 
27 0.07 | 0.07 | 0.07 | 0.07 | 0.07 | 0.07 | 0.08 | 0.08 | 0.08 | 0.08 | 0.08 | 0.08 | 0.07 
App. 
ie : 
29 0.07 | 0.07 | 0.07 | 0.07 | 0.07 | 0.07 | 0.08 | 0.08 | 0.08 | 0.08 | 0.08 | 0.08 | 0.07 
30 0.12 | 0.12 | 0.13 | 0.14 | 0.14 | 0.14 | 0.15 | 0.15 | 0.16 | 0.16 | 0.16 | 0.15 0.14 
31 0.20 | 0.20 | 0.21 | 0.21 | 0.22 | 0.22 | 0.23 | 0.23 | 0.24 | 0.23 | 0.23 | 0.23 0.22 
32 0.26 | 0.26 | 0.27 | 0.28 | 0.28 | 0.29 | 0.30 | 0.31 | 0.32 | 0.31 | 0.31 | 0.30 | 0.30 
33 0.33 | 0.33 | 0.34 | 0.35 | 0.36 | 0.37 | 0.38 | 0.39 | 0.40 | 0.39 0.38 | 0.38 | 0.38 
34 0.40 | 0.41 | 0.42 | 0.42 | 0.43 | 0.44 | 0.45 | 0.47 | 0.48 | 0.47 | 0.46 | 0.45 | 0.44 
35 0.46 | 0.47 | 0.48 | 0.49 | 0.50 | 0.51 0.52 | 0.51 | 0.56 | 0.54 | 0.53 | 0.52 | 0.50 
WA’ WAZ, 


Example: Desired, the dry substance of a sample whose refractive 
index is 1.4589 taken at 26° temperature. The nearest index is 1.4567, 
which equals 67% then 1.4589 minus 1.4567 (the nearest value in the 
table lower than it) =.0022. In the decimal column opposite look for 
.0022 and one finds a value of 0.95. So the reading is 67.95 but at a tem- 
perature of 26° (from the table of corrections) .16 must be subtracted 
or the correct dry substance would be 67.79. In like manner the dry sub- 
stance of a sample with a refractive index of 1.5021 at 28° C. would be 
85.05, and one of 1.3802 at 28° would be 30.1, and one of 1.3655 at 33° C. 
would be 22.06. 


Bureau of Chemistry, 
Dept. of Agriculture, 
Washington, D, C. 
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ConpDuUCcTIVITY OF CERTAIN SautTs IN Eruyn AMINE. 


By Epwarp G. MAHIN. 

The conductivities of silver nitrate, lithium chloride and ammonium 
chloride in ethyl amine were measured by Shinn,’ who showed that the 
molecular conductivities change with dilution in an unexpected manner. 
In the case of silver nitrate the molecular conductivity decreases with 
dilution until V—75.15, this being the highest dilution used. The mole- 
cular conductivity of lithium chloride increases with dilution until 
V—0.S67, then decrenses until V=21.08, after which it apparently slightly 
increases. The molecular conductivity of ammonium chloride decreases 


with dilution until V—18.24, after which it increases. These facts would 


not seem remarkable were it not for the concluding words of the author's 
paper. After summarizing the results of his experimental work, he says: 

“From the standpoint of the theory of electrolytic dissociation the 
electrical behavior of solutions in primary and secondary amines and 
in amides, so far as such solutions have been studied, is inexplicable. 
The facts that for one and the same solute the conductivities of solutions 
may not only be very large or very small, but may increase or decrease 
with dilution, or attain maximum or minimum values depending upon 
the specific nature of the solvent, suggest that the role of the solvent in 
the process of the transmission of an electric current through a solution 
is, in all probability, a very active rather than an indifferent one, and 
does pot materially differ from that of the solute. In such event, the 
prevalent conception of ‘molecular conductivity becomes not only mean- 
ingless, but misleading.” 

In arriving at the conclusions here indicated it would seem that the 
author has overlooked certain facts which may not only serve to explain 
the apparent departure from the dilution laws, but which would make 
this departure seem inevitable. It has long been known that the aliphatic 
amines are strongly basic substances, forming simple salts analogous to 
the ammonium salts, as well as complex metallic salts which are ani- 
logous to those where hydrogen of the ammonium radicle is substituted 


by a metal. Indeed, this salt formation is to be expected since the ali- 


tee ehyse Chit fo oot. 
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phatic primary amines are members of a series of mono-substituted am- 
monias, of which the basicity is greater than that of the mother substance. 

Kohler’ isolated a salt having the composition represented by the 
formula C,H,NH,.HgCl. Miiller* investigated double salts of ethyl amine 
with palladium, Jorgensen* those with platinum, Carson and Norton* 
those with uranium, Bailey’ with vanadium, Bonnefoi® with lithium 
chloride, and Hoffman and Marburg’ with mercuric chloride. In most 
cases more than one salt was produced by varying the proportions of 
ethyl amine and the simple salt used. Hoffman and Marburg isolated and 
studied the compounds C,H;NH,.UgCl,, (C.H;NH.).HgCl, and C,H,NH.HgCl. 
Bonnefoi found that by leading the vapor of ethyl amine over dry lithium 
chloride various double salts were produced, the proportion of the con- 
stituents depending upon the temperature. The following compounds 
were formed under the conditions indicated: 


Temp. Formula. Heat of Formation, Calories. 
70° CeHsNHe .LiCl +- 13834 
58°-70° (C2HsNH2)2 . LiCl + 24817 
Ord. to 58° (C2HsN He)s . LiCl + 35387 


It seems probable, in the light of these facts, that at still lower tem- 
peratures other compounds will be present, having a still higher ratio 
of ethyl amine to the original salt; this should be particularly true with 
regard to solutions in liquid, anliydrous ethyl amine. In other words, we 
are here dealing with an application of the mass law, where the tem- 
perature and mass of the reacting substances are to be considered in the 
attempt to solve the problem regarding the composition of the resulting 
compound. We should expect that any solution would contain several 
compounds of the constituents, having a certain average composition which 
would depend upon the temperature and degree of dilution. 

Shinn® tested, in an approximate but not quantitative manner, the ac- 
tion of ethyl amine upon 14 salts, concerning which the following résumé 


is here given: 
1 Ber., 12, 2323. 
2 Ann., 86, 366. 
2 J.prevCh.,. (2) 837501. 
4Am. Ch. J., 10, 220. 
S73. Ch. Soc., 45, 693: 
CC Seo LoD ls 
7Ann., 305, 191. 


§ Loc. cit. 


NHsCl.... Very soluble with evolution of ammonia. 

| br €) Os bee Soluble. 

HeCls....:.. Slightly soluble. 

SnCle..... Insoluble, unchanged. 

CoClz ... . Reacts withevolution of heat, forming greenish yellow precipitate. 
PbBrz .... Reacts, forming white precipitate which afterward redissol ves. 
1 sae Insoluble, unchanged. 

Cdlz......Reacts, forming white, insoluble precipitate. 


AgCN ....Slightly soluble. 

Hg(CN)e. .Shghtly soluble. 

AgNOs ...Soluble with evolution of much heat. 

NaNOs... Insoluble, unchanged. 

Pb(NOs)2..Reacts, forming white, insoluble precipitate. 

It is thus seen that, in all cases where the salt dissolves appreciably, 
there is evidence of chemical action, either through the evolution of heat 
or the formation of a precipitate, or both. In the case of ammonium 
chloride the well known action of evolution of ammonia was observed. 
There is, therefore, every reason for expecting that complex salts will be 
formed in every case excepting the last, where no doubt ethyl amine 
hydrochloride is produced, as Shinn has pointed out. If this be true, the 
question still remains as to whether the reaction is complete as soon as 
the salt is all in solution, so that henceforth all physical properties 
will be those of a solution in ethyl amine of a definite double or complex 
salt, changing with dilution only with respect to the degree of ionization. 
With the investigations of Hofmann and Marburg and of Bonnefoi in 
mind, the answer to this question would certainly be negative. We should 
expect that the ratio of ethyl amine to simple salt combined with it would 
not only change with lowering of temperature, but that it would increase 
with decreasing concentration, because as dilution progresses the ratio 
of amine to salt in solution increases. If the conductivity of the complex 
salt is much less than that of the simple salt the change in molecular 
conductivity with change in concentration would be the resultant of two 
influences, i. e., change in ionization and change in complexity of the 
ions. The migration velocity of a complex cation containing one or more 
molecules of ethyl amine could not be very high, and it is not likely that 
such a compound would possess a very high degree of ionization. This 
fact would then result in a more or less gradual tendency toward falling 
off in the molecular conductivity with increasing dilution, since we are 


actually dealing not only with more complex compounds, whose ioniza- 
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tion is probably less than that of the simpler ones, but also with more com- 
plex ions, whose velocity is probably less than that of the simpler ones. 
If, however, the ionization resulting from dilution proceeds at a greater 
rate than does the change in complexity, increase in molecular conductiv- 
ity would then be the rule. ‘This actually happens for a certain range in 
the case of lithium chloride, then later the increasing complexity of the 
ions perhaps gains the ascendancy and molecular conductivity decreases 
with further dilution. The effect of dilution upon molecular conductivity 
will necessarily be somewhat complicated, if the preceding reasoning is 
correct, involving at least the following changes: (a) Increase in mole- 
cular complexity, through increase in the active mass of ethyl amine, 
(b) change (probably decrease) in ionization constant because of increas- 
ing complexity, (¢) increase in ionization of any one form, since at any 
dilution a considerable number of different complexes are probably pres- 
ent, and (d) probable decrease in migration velocity on account of in- 
creasing Complexity of the ions. 

This would seem to be merely another special case of the influence 
of solvate formation upon conductivity, and such influences have long been 
known. The formation of hydrates, for example, has a very marked 
effect upon the conductivity and upon the lowering of freezing point and 
vapor pressure of aqueous solutions. 

In the case of solutions of ammonium chloride in ethyl amine it is 
by no means certain that the entire amount of salt is converted at once 
into ethyl amine hydrochloride when brought into a solution of any con- 
centration. We should certainly expect that equilibrium will result when 
a certain amount of ammonium chloride remains as such in the solution, 
this amount becoming smaller as dilution proceeds. The molecular con- 
ductivity will then depend upon (a) the ratio of ethyl amine hydro- 
chloride to ammonium chloride, (b) the relative ionization constants of 
the two compounds and (¢) the relative migration velocities of the two 
(or more) cations involved. 

The theory of electrolytic dissociation has proven of so great value 
to physical chemistry and has piloted the way to so many valuable in- 
vestigations that one cannot fail to realize its importance. This does not 
mean that its imperfections should be ignored or that there should be any 
cessation in the search for facts which will test it to the extreme. But 


so many supposed objections have been urged against it that, on closer 
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investigation, have been found to entirely conform to the theory or to 
require only minor modifications, that we hesitate to accept such a sweep- 
ing statement as that contained in Shinn’s paper. The facts cited do not 
necessarily conflict with the theory—indeed, they would seem to point to 
the truth of the theory. What is needed is more experimental evidence 
covering these points. 


Purdue University, 
Lafayette. Ind. 
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A Srupy oF THE CHEMICAL Composition or Burrer Fat, 
AND Irs RELATION TO THE CompPosITION oF BUTTER. 


By O. F. HUNZIKER AND GEORGE SPITZER. 


SUMMARY OF AUTHENTIC KNOWLEDGE OF THE COMPOSITION 
OF BUTTER FAT. 

Milk fat or butter fat consists of triglycerides of fatty acids. The 
fatty acids of butter fat are monobasic and have the general formula 
CnH2n +1 COOH, except oleic acid, which is a non-saturated acid be- 
longing to the acrylic series with the general formula CnH2n1 CO OH. 
The triglycerides of butter fat do not exist as glycerides of one fatty acid, 
but as a mixture of several acid radicals combined with glycerin. Glyc- 
erin is a triatomie alcohol, C,H;(OH),. Theoretically, therefore, the milk 
fat could contain triglycerides of the fatty acids present, that is, there 
could be tributyrin, triolein, tristearin, ete. In reality no such combination 
exists. Just in what order the triglycerides are present has not been 
definitely established. The acids present in butter fat are butyric, caproic, 
caprylic, capric, lauric, myristic, palmitic, oleic and stearic. 

Bell’ holds that butter fat consists of mixed glycerides, glycerides in 
the molecule of which the glycerol is combined with three different acid 


radicals forming a compound having the following composition : 


OCsH7O 
(st OC ind 
OCisH 330 
This theory is supported by the fact that the glycerol forms triacid 
compounds and not compounds of one acid, which theoretically could be 
possible. If the glycerol formed monoacid compounds, butter fat would 
contain glyceryl] tributyrates, caproates, stearates, ete. 


SOLUBILITY OF BUTTER FATS IN ALCOHOL. 


If butter fat is dissolved in alcohol, from 1.1 to 3.8 per cent of the 
fat goes into solution, the solubility depending on the temperature of the 
alcohol. If tributyrin existed in butter fat, all of the tributyrin would 


1The Chemistry of Foeds, Vol. II, page 44. 
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go into solution.‘ Analyses of the portion soluble in alcohol show that 
this is not the case. Tables I and II give the value of the constants as de- 
termined for the portion soluble in cold alcohol, the portion not soluble 
in cold alcohol, but soluble in hot alcohol, and the portion not soluble in 
either hot or cold alcohol. 


TABLE I. 
j | 
, Portion Not 
| Portion | Solublein | Portion Not 
| Soluble | Cold Alcohol, Soluble in 
jin Aleohol | but Soluble | Either Hot or 
at 20 deg.C in Alcohol at Cold Alcohol. 
75 deg. C. 
Reichert-Meissl (Numbers «06 74% 9-5 8 oes 22s wees eee : 48.1 29.6 20.7 
Meltine pout: eesti co Fa es Se ak roe Oe AD natal we 16.9°C. 31. 5°C:, | 36.0°C. 
| 
Boluble acias: (as (DUbYLIC) sar acct os oes nue era cee 1 9.79% 6.60% 4.26% 
TABLE II. 
Ar 20°C. Ar 75°C. 
Solubility of butter fat in 95 % alcohol... .. P P 1.1% 3.3% 


The melting point of the portion soluble in alcohol at 20° C. is 16.9° C., 
while that of the portion not soluble in either hot or cold alcohol is 36° C.. 
showing a difference of 19.1° C. The Reichert-Meiss] No. in the portion 
soluble in alcohol is 48.1, in the portion not soluble in alcohol it is 20.7, 
showing a difference of 27.5. Since only 1.1 per cent of the fat is soluble 
in cold alcohol, this would indicate that no tributyrin exists in butter fat. 
This fact becomes still more evident by an examination of the molecular 
weight of the glycerides soluble in alcohol and those not soluble in alcohol, 
as calculated from the figures in Table VII. 

1 Cochran, “Action of Alcohol on Butter Fats,” Analyst, Vol. 13, page 55. 

Lewkowitsch, ‘Oils, Fats and Waxes,” Vol. II, page 675, 1909. 
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The saponification of a nentra. tut yields a perfectly definite com- 
pound. This saponification takes place according to the following reac- 
tion for an ester with three molecules of acid combined with the radicat 
of a trihydric alcohol: . 

Ri 
CsHs<g Re+3KOH =C3Hs(OH)3s+ K(Ri'+ Re+ Ra) 
R3 

The molecular weight of the triglyceride is calculated as follows: 
Determine the per cent of KOH required to saponify the fat, and divide 
the molecular weight of 3(IKOH) by the per cent thus obtained, or mul- 
tiply the saponification equivalent by three. 

Thus, from the figures in Table VII the saponification equivalent of 
the portion soluble in alcohol was found to be 216.5. This multiplied by 
3 is 649.5. This equals the molecular weight of the triglyceride. 

The saponification equivalent of the portion not soluble in alcohol 
was found to be 260.9; this multiplied by 5 equals the molecular weight, 
782.7. The molecular weight of butyrin C,H,(C,H,O); is 302, while the 
molecular weight of the triglycerides of the soft portion is 649.5. 

The fact that only 1 per cent of the butter fat was dissolved in cold 
alcohol shows clearly the absence of tributyrin, otherwise the per cent 
of alcohol-soluble fat would be higher. The soft portion must, therefore, 
be made up of mixed glycerides of the acids found in butter fat, the acids 


having a low melting point and a low molecular weight predominating. 


FRACTIONAL SEPARATION OR CRYSTALLIZATION OF BUTTER 
FATS. 

The same condition presents itself if butter fat is subjected to frac- 
tional separation. When butter fat is exposed to a temperature below the 
melting point of the harder glycerides, the softer glycerides separate from 
the harder glycerides. When this process is repeated by lowering the 
temperature after each separation, a separation can be effected whereby 
the constants differ widely from the original mixed glycerides.t Table III 
shows the variation of the constants of the fats thus separated. The but- 


ter used in this experiment was made in March. 


‘Richmond Pairy Chemistry, page 537. 


184 


TABLE IIT. 


Composition of Portions of the Butter Fat Obtained by Fractional 
Separation. 


Original 
Butter Fat. 


Soft Portion. 


Hard Portion. « 


Reichert-Meiss] Number..................... 
fodine number..22 2. see. 4-65 SNS Ted ee 


Koetts. saponification number. . 


Refractive index at 40° C...... 


Mel bg OU eee tice Meteo sie eee br 
Per cent insoluble acids. 

Melting point of insoluble acids............. 
Per cent soluble acids (as butyric)........... 


Koetts. saponification number insoluble acids . 


Iodine number insoluble acids. . 


{Reading 44.1 
1.4552 


34° C. 
88.76 
40°C. 
5.89 
219.5 


37.36 


32.65 


42.10 


233.87 


Reading 45.11 


1.456 


14.5°C. 


87.89 


365°C. 


6.67 


221.35 


45.05 


26.74 


30.11 


228.8 


Reading 43.1 
1.4546 


37.3C. 
89.47 
425°C. 
5.46 
218.8 


33.48 


Later in the season (in May) another sample of butter was treated 


similarly, separating the liquid from the solid portions of the fat, and the 
constants were determined as shown in Table IV. 
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TABLE LV. 


Compesition of Portions of the Butter Fat Obtained by Fractional 
Separation. 


tt | 
Original : : 
Butter Fat. | Soft Portion. | Hard Portion. 
| 
Reichert-Meiss] number... . . ts | 30.00 33.85 24.66 
Todinemumber..=..5..5:-..: : RP ns a | 39.82 43.55 33.08 
Koetts. saponification number................. | 230.1 232.78 226.4 


Mepatiieesades at 40°C . { Reading 44 | Reading 44.8 | Reading 43 


\ 1.4552 1.4558 1.4545 
Melting point....... i Shae | Pad On 1ss23C, Beluie(er 
Per cent insoluble acids......... | 87.54 86.67 88.64 
Melting point insoluble acids................ | 392°C. Sayan Gs 424°C. 
Per cent soluble acids (as Butyric)...... . | 6.09 6.90 5.17 
Koetts. saponification number insoluble acids. . . B | 220.53 221.6 218.7 
mine number insoluble acids............-. | 42.14 46.2 35.66 
RETICENIP IS CELINE atric fetes otic ee ees 12.58 12.89 | 12.33 

| 


Tables III and IV show that the soft portions contain more volatile 
or soluble acids, also a greater per cent of oleic acid in combination with 
the glycerol base than the hard portions. The melting point of the soft 
portions was 22.8° ©. and 24.9° C©., respectively, lower than the melting 
point of the hard portions. 

The difference in the melting points between the soft and hard portions 
of the insoluble fatty acids was not as great as that of the soft and hard 
portion of the glycerides from which the insoluble acids were derived. 
The reason for this must lie in the fact that the soluble fatty acids have 
been removed and that, therefore, the melting points of the different por- 
tions of the insoluble fatty acids depend almost entirely on the per cent 
of oleic acid present. 

The soft portion of the glycerides is made up of a higher per cent 
of acids with a lower melting point, i. e., oleic and soluble acids. The 


186 


soluble acids have a very low melting point. Therefore, even a slight in- 
crease in the per cent of soluble acids must cause a lowering of the melt- 
ing point. 

Tables V-A and V—B show a comparison of the iodine number of the 
soft and hard portions of the glycerides and of the insoluble acids derived 
from the glycerides. The iodine number of the soft and hard portions of 
the insoluble acids is higher than that of the corresponding portions of 
the glycerides of the butter fat. This is natural. The soluble acids and 
glycerin have been removed from the glycerides, raising the per cent. of 


the remaining constituents of the insoluble acids above that in the glyc- 


erides. 
TABLE V—A. 
Todine No. of Soft and Hard Portions of Butter Fat. 
ee 7 = 
| 135 
Soft Hard Soft Hard na | ee 
abr nee : : Gain Gain Olein of Soft 
Portion Portion Portion Portion E 
> ; Iodine | Percent | Portion Over 
lodine Iodine Per cent Per cent Naini | Olein Hard P 
Number. | Number. Olein. Olein. eee =e gps ek 
| tion 
SS See —— — = —_—s } 
From table ILL. . | 42.10 30.11 | 48 83 34.92 | 11.99 13.72 39.31 
| | 
From table IV......... 43.55 33.08 | 50.518) 38.37 10.47 12.148 31.6 
TABLE V—B. 
lodine No. of Insoluble Acids of Soft and Hard Portions. 
Soft Hard Soft Hard ze a Pe 
a 2 aay ee 7ar | Gain Gain, Olein of Soft 
Portion Portion Portion Portion | es ; 
: a | Iodine Per cent | Portion Over 
Iodine Iodine Per cent Per cent | Niwikes Olein |” rad Par 
| Number. | Number. Olein. Olein. ganas oe gi ? 
f tion. 
) a! i 
| 
From table III....... 45.05 33.48 52.25 38.84 | she y 13.41 34.5 
From table IV....... 46.2 35.66 53.59 41.36 10.54 12095) 29.5 
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CONCERNING THE SOLUBLE FATTY ACIDS. 

Table VI shows the per cent of soluble fatty acids and glycerin in 
the soft and hard portions of butter fat. The soft portion contained 2.06 
per cent more soluble acids and .56 per cent more glycerin than the 
hard portion, as obtained from data in ‘Table IV. 


TABLE VI. 


Per Cent of Soluble Acids and Glycerin in Soft and Hard Portions. 


| Soft Portion. | Hard Portion. Gain. 
| 
Per cent soluble acids................... . 4a 8.23 6.17 2.06 
SMG N TERIA sc A ate os pole vee wale. Samak ae 12.89 | 12.33 56 


The soluble acids were calculated on the basis of a mean molecular 
weight of 104.5. This molecular weight was calculated from the amount 
of glycerides of the soluble acids and other data taken from Table IV. 

The glycerol (C,H,) is calculated from the per cent of soluble acids, 
mean molecular weight 104.5. From this calculation the per cent of glyc- 
erin C,H, (OH), is readily determined. 

The general formula for one molecule of a triglyceride is C,H,(R),. 
where R stands for mixed acid radicals R,;=104.5X3—313.5; allowing for 
the basic hydregen C,H.—38, then the molecular weight of the triglyceride 
C3H;(R), is 351.5. 

Sol. 738= 8.235 2X 

X=.888% C,H, 
From these results the per cent of glycerin is calculated as follows, the 
molecular weight of glycerin being 92: 

38 :92— 888 : xX 

XM = 2.14 
This is the per cent of glycerin combined with the soluble acids of the 
soft portion. 

Likewise, the per cent of the glycerin combined with the soluble acids 
of the hard portion is calculated : 

SOMES eS ——| Onli as oN 
X = .888% C,H. 

38 5 92-1666 - 
PX@———als toil! 
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This is the per cent of glycerin combined with the soluble acids of the 
hard portion. 

The difference between the per cent of glycerin combined with the 
per cent of soluble acids of the soft portion and the per cent of glycerin 
combined with the per cent soluble acids of the hard portion, then, is 
2.14—1.61=.53%. This agrees closely with the difference of the glycerin 
between hard and soft portions as shown by analyses. (See Table VI.) 

The per cent of glycerin combined with the insoluble acids is nearly 
the same in both soft and hard portions, because the per cent of in- 
soluble acids in the soft and hard portions differs very little. Also the 
variation in the composition of the insoluble acids would not materially 
affect the molecular weight. Therefore, it is reasonable to expect that 
nearly the same per cent of glycerin is combined with the insoluble acids 
of both the soft and the hard portions. 
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RELATION OF COMPOSITION OF BUTTER FAT SOLUBLE AND I}X- 
SOLUBLE IN ALCOHOL TO COMPOSITION OF SOFT AND 
HARD PORTIONS OF FAT OBTAINED BY FRAC- 

TIONAL SEPARATION. 


A comparison of the constants of the soft and hard portions with the 
constants of the fats soluble and insoluble in alcohol shows a close relation. 
The results are summarized in Table VII. 


TABLE VII. 


Showing the Variation of the Constants of the Soluble and Insoluble Por- 
tions in Alcohol, Also of the Soft and Hard Portions of But- 
ter Fat Tuken for the Experiment. 


A B 

Alcohol— | Aleohol— | Original Original 

Soluble | Insoluble Butter P cid ga Butter 

Portion. | Portion. Fat. ores ; Fat. 
Reichert-Meiss] number..............- 48.1 20.7 27.70 33.85 24.66 30.00 

! 

MELIP HOMEY. ccna eset sie eneer eels 16.9°C. 36°C. BEM iON URL O Zh 13.2, | 38.1°C. 32.5°C. 
Mes IMe gM HET ete «arecsicweoess cee eee a 34.07 39.75 37.63 } 43.55 43.55 | 33.08 39.82 
a Ee eee —|—_—____|__-___| eee 
Koetts. saponification number ......... 259.14 215.06 227.4 232.78 |2 226.4 230.1 
Saponification equivalent.............. 216.5 260.9 246.79 241.1 248.3 244.0 


Reading | Reading | Reading | Reading | Reading | Reading 
42.7 45.6 44.4 44.8 43 44 
| 1.4543 1.4563 1.4555 1.4558 1.4545 1.4552 


Refractive index at 40° C............ 


Per cent soluble acids (as Butyric)......| 9.792 4.26 6.60 6.90 5.17 6.09 


These data give the composition of the portions of fat soluble in alcohol and of the original butter fat; also th® 
composition of the soft and hard portions of butter fat separated by fractional crystallization and of the original 
butter fat. The samples A and B of butter fat used for the two experiments were not taken from the same lot 
of butter. 


The Reichert-Meiss] No. is distinctly higher in the fat soluble in 
alcohol and in the fat of the soft portion, than it is in the fat insoluble 
in alcohol and in the fat of the hard portion, as well as in the original fat. 

The melting point is lowest in both the fat soluble in alcohol and in 
the fat of the soft portion. 
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On the other hand, the iodine number is lowest in the fat soluble in 
alcohol and highest in the fat of the soft portion. 

The figures in the above table show the influence of the constants on 
the melting point of butter fat. The portion of fat insoluble in alcohol 
and the original fat from which the above portion was taken show a de- 
cidedly higher iodine number than the portion soluble in alcohol. If the 
melting point depended solely on the iodine number, the melting point of 
the fat insoluble in alcohol and of the original butter fat would be dis- 
tinctly lower than the melting point of the portion soluble in alcohol. 
Table VII shows that this is not the case. The melting point of the por- 
tion insoluble in alcohol and of the original butter fat is a great deal 
higher (19.1° C. and 16.6° C., respectively, higher) than the melting point of 
the fat soluble in alecohoi. The only factor to which this fact can be attrib- 
uted is the high Reichert-Meissl No. in the case of the fat soluble in 
alcohol, as compared with the low Reichert-Meiss] No. of the fat insoluble 
in alcohol and of the original butter fat. These results make it perfectly 
clear that the softness or hardness (melting point) of butter fat is de- 
pendent to a great degree on the per cent of soluble fatty acids present. 

This table further shows, as stated in the previous chapters, that 
butter fat is a mixture of triglycerides of different fatty acids. The soft 
portion is the result of mechanical separation at different temperatures. 
It, therefore, contains more giycerides combined with acids of low melting 
points including oleic and soluble acids. Turthermore, the fat soluble in 
alcohol represents glycerides of acids soluble in aleohol. Since it is known 
that some of the glycerides of the soluble acids are soluble in alcohol, 
we can assume that some of the molecules in butter fat are made up of the 


glycerides containing a larger proportion of the soluble acids than others. 


CONDITIONS AFFECTING THE COMPOSITION OF BUTTER FAT. 


The composition of butter fat varies with the season of the year. <A 
series of analyses of butter fat of butter made during each of the twelve 
months of the year, yielded the results summarized in Table VIII. 

The results in Table VIII show that the Reichert-Meiss] number was 
lowest in October, increasing steadily until it reached its maximum in 
March. After March it dropped abruptly, holding about its own till July, 


then taking a second drop and declining slightly toward October. 


ro 


TABLE VIII. 


Effect of the Season of Year on the Composition of Butter Fat. 


on ee Iodine Melting 
Meissl a : 
“3 Number. Point. 
Number. 
} 1 
UME se Pi iy cold ne aneayaess ee 30.03 31.20 | 33.4° C 
ETI Ms lel Ms et tt, Jo eas ci | 30.58 Bega. |) as. 5° 
ME ee 2 5 en Eo | 31.30 31.94 | 335° C 
one. ey Se ee ae eee ee 29.35 35.83 | 33.3°C.° 
ceo al a ES es eee 29.55 36.48 | 325° 
Sy eS ee ee eee 29.56 38.23 | 32. 45° C. 
| 
ONE ace epee ee ee Beier nes | 28.90 37.10 |  31.9°C 
cope Ee ee a eee Mat 4 27.13 38.99. | - seo 
Tay ecien 2 NES Se ee eee Se one eee 27.19 35.36 | 33.0° C 
Gecaloct, _-oe be Se ce nr ene 26.54 34.27 | 33.2° C. 
ayy ark ee a a ee a a 28. 36 30.65 | 33.4° C 
Sa ipalur ae Bon Sapa? ie ek a oa 29.62 30.30 |  33.6°C. 


The Iodine number was lowest in December, increasing slightly toward 
and including March; rising abruptly in April and continuing to rise up to 
and including June, then gradually declining toward Octeber and dropping 
suddenly in November, followed by a slight drop in December. 

The melting point followed, in general, the Iodine number reversedly. 
It was lowest in mid-summer when the Iodine number was highest, and it 
reached its maximum in December, when the Iodine number was lowest. 
The variations of the melting point, however, were not so abrupt as those of 
the Iodine number. A careful study of Table VIII suggests that, at times, 
the variations in the melting point may have been influenced strongly by 
the Reichert-Meiss] number. 

Experimental data produced in this country and abroad show unmis- 
takably that the feed which the cows receive influences the per cent of 
olein in butter. Such feeds as cottonseed meal, bran, corn, overripe dry 
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fodders, etc., when fed in excess, tend to decrease the per cent of olein, 
while linseed meal, gluten feeds, succulent pasture grasses, etc., are con- 
ducive of raising the per cent of olein. 

The volatile fatty acids do not seem to be appreciably affected by 
the feed the cows receive. They are influenced, however, by the period 
of lactation as shown in Tables IX and X.* 


TABLE IX. 


Showing the Effect of the Period of Lactation on the Milk Futs. 


ce Hoe Soluble Insoluble 
5 er Acids. Acids. 

Tstmonth2% 2s. - on os See Saeco. = SEY eR : 32.41 7.39 87.26 
SAMO a. 2c casera ws yankee Mey Oe ere 29.48 7.07 87.99 
SALMON tye cnet amet se ais here eee ates Sexe - , 29.95 7.08 87.90 
erie arc le a OE ras eae aetna 29.97 ell 87.72 
BEhMOnt hve wec ec eet tw orisaenwnmer ieee ¢ ota and ot pate 29.56 7.00 87.72 
(Gilt omt le creai ates tert tare as eaten Se rent chat a ee war 29.21 6.82 , 88.19 
AMMMOTIOU GL ctataioiarsts sive wie)s Pals noe eentaon ene alte 28.06 6.45 88.4 
SG VIMOMU Ds Res. ta 0 is snardn dye eiate ea ears a aie ere 25.32 | 5.84 88.6 
9th month........ — natok | 95.45 | 6:01 ..|- S806 
10th month... . te : se PE AeA Shite 27.45 | 6.26 88.1 


1 Hunziker. Proceedings of the Indiana Academy of Science, 1908, page 144. 
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TABLE X. 


Showing Lffect of the Period of Lactation on the Milk Fats. 


— 


Reichert- | Soluble Insoluble 
TIME. Meissl | Acids Acids. 

Number. | Per Cent. Per Cent. 

IIS TASER 5 3 selene Bhat Eo aie Ee OIE Cccp eae Ie PS ; 36.68 8.20 86.76 

ZeeMODU =o = speckle Mahe cence Bed shetafetrots 35.75 8.09 | 86.74 
3d month ...... Ac Eis ENE, Morte ack RN MEE 33.19 7.59 $6.99 

PULA Hee aes =a snl atone 5) Set Ae e aac 33.80 7.56 5 86.95 

OUNNMONU Deir sts wcieies Mane Seah a wn Rarcues hae | 33.63 i : 7.47 | 87.10 

6th month. . ‘me " i seen a ia! 33.57 soy 755 G 86.94 

7th ee. Es Laie eke! ar BEE ee, Si 32.72 23 7.49 86.99 

(ShillY (ETA), eR Oey Rene eaten aren es ae 2 RM atahut a Parma ste 31.63 7.25 87.41 

9th month......... SRA SEES he OH Ge RTT aE Ts NOR Neer 31.98 7.10 87.50 
MEE ON We Mere nis a eerie astte eee is Reiner E.G 82.03 7.12 87.46 

HIT TAO TUNG Ge oat GOCE ERRNO Dice cee ok area a ecm aE eee | 26.64 6.50 88.20 

ADAM OHL DMP tas Seite toate Ae ar ataed. shee ocrasch ake | 30.48 8.£6 | 87.69 


The data in Tables IX and X represent results of experiments with three cows whose period of lactation com- 
menced in October and November respectively. They were fed on a uniform ration throughout the entire period 
of lactation with the exception that in July (the 9th month after calving) they were turned out on pasture. 


The above tables clearly show that the soluble fatty acids are highest 
immediately after parturition, or at the beginning of the period of lacta- 
tion. Slight irregularities excepted, they decreased as the period of lac- 
tation advanced and were lowest toward the close of the period of lacta- 
tion. 

It so happens that in most localities the majority of the cows drop 
their calves in late spring, at a time when they also change from dry 
feed to succulent pasture. This explains why in early summer both the 
per cent of volatile fatty acids and the per cent of oleic acids increase 
and the melting point decreases. 


[ 13—28003 } 
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RELATION OF COMPOSITION OF BUTTER FAT TO COMPOSITION 
Ol’ BUTTER. 

During late spring and early summer, at a time when, as shown above, 
the Reichert-Meiss] number and the Iodine number are high and the melt- 
ing point is low, the butter-maker experiences usually considerable diffi- 
culty in manufacturing butter with a reasonably low moisture content. ‘This 
coincidence has suggested to the writers that there may be a more or less 
intimate relation betwen the melting point of the butter fats and their 
power to absorb water during the process of butter-making. A series of 
experiments was, therefore, conducted bearing on this point. The results 


are shown in Table XI. 


TABLE XL. 


Per Cent of Moisture Retained by Soft and Hard Fats Churned Separately. 


Per Cent 


Per Cent Water. 
du TS UP, ee eee Increase 
of Soft 
Soft Fats. Hard Fats Over Hard 
March:/butter.< . 2.10.22. Ce 43.84 24.76 77.02 
MSU DUUGeE se ye Node ares. sens wana Be . ; 50.62 24.78 104.28 
Average... ; 47.23 24.77 90.65 


ter fat (butter fat with a low and a high melting point) were separated 
from one another by fractional crystallization of the fats and by pressure. 
The soft and hard portions were churned separately under identical con- 
ditions, adding the same amount of water to each churning and churning 
at the same temperature. 

Twelve separate churnings were made each, the March butter and 
the May butter. In the March butter the per cent increase of the mois- 
ture of the soft fats over that of the hard fats was 77.02. In the May but- 
ter the per cent increase of the moisture of the soft fats over that of the 
hard fats was 104.28. These figures unmistakably show that the soft fats 
are capable of taking up a great deal more moisture than the hard fats. 


They, therefore, can leave little doubt that the material increase in the 
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moisture content of butter made in early summer is due to the increase in 
the soft fats it contains. 

The moisture-retaining property of the fats is largely dependent on 
their melting point. The lower the melting point, the greater is their 
power to mix .with and retain water. Since the glycerides of the oleic 
and soluble fatty acids have a low melting point, it is reasonable that 
any increase in the per cent of these glycerides tends to increase the 
water-retaining properties of the butter. 


Dairy Department, 
Purdue Experiment Station. 
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On a New Compuex Copper CyaANoGEN CoMPOUND. 
By A. R. MIDDLETON. 


(Preliminary Note.) 


When a cold concentrated solution of KCN is added to a cold con- 
centrated solution of cupric chloride or sulphate, but not nitrate, greenish 
brown cupric cyanide is precipitated; the precipitate dissolves on fur- 
ther addition of KCN with formation of a claret red to violet red com- 
pound, much resembling potassium permanganate solution. Further addi- 
tion of KCN destroys the color, with precipitation of white cuprous cyan- 
ide (presumably), which then dissolves in excess of KCN. First addition 
of concentrated cupric salt solution, or the solid salt, to concentrated 
KCN solution produces a brilliant violet color, instantly destroyed by fur- 
ther addition and quickly disappearing on standing. Further additions 
of copper salt give the red compound, provided the solution is kept nearly 
at 0°; otherwise cyanogen is evolved and the red compound is not formed. 
If the solutions are too concentrated or too dilute, the red compound is 
not formed. Solutions about one-half saturated appear to give the com- 
pound most readily and in largest amount. 

Search through the available literature has revealed no reference to 
such a compound. It is quite unstable, decomposing to a brown solution 
on standing in a warm room over night; is instantly decomposed by 
strong and weak acids and bases and by pyridine; soluble in alcohol, but 
insoluble in chloroform, ether, benzene, toluene and carbon tetrachloride. 
Attempts to crystallize out the compound are in progress, and at the time 
of writing appear promising. The method pursued is as follows: Solid 
-CuCl,.2H,O was added in small amounts to KCN solution about one-half 
saturated, with constant shaking in ice water. After the red color reached 
a maximum, the solution was filtered, three volumes of 95% alcohol added 
and placed in the icebox in an exhausted desiccator. After 24 hours white 
opalescent scales separated, which, after washing with alcohol and ether 
and drying, present a metallic appearance somewhat resembling tinfoil. 
These contain copper and may be cuprous cyanide. The solution retained 
its red color unchanged and it is hoped that the compound can be crystal- 
lized out in form suitable for analysis. 

Purdue University, 

Lafayette, Ind. 
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DETERMINATION OF ENDOTHERMIC GASES BY COMBUSTION. 


Endotherimic gases such as ethylene and acetylene, even when mixed 
with sufficient air to form an explosive mixture, may be accurately and 
safely determined by combustion in a gas pipette provided the following 
conditions are observed: (1) Presence of a considerable excess of oxygen ; 
(2) admixture with an exothermic gas; (3) slow admission of the com- 
bustible gases to the combustion pipette; (4) application of heat from 
below on the entering combustible gases; (5) reduced pressure. These 
conditions are secured by using a Winkler-Dennis gas combustion pipette, 
the platinum spiral being placed as near the juncture of the capillary 
with the pipette as possible without endangering the glass; mixing the 
endothermic gases with one to two volumes of pure hydrogen; and slowly 
leading this mixture into oxygen instead of the reverse as is usually done 
in combustion of the methane and hydrogen of illuminating gas. 

The combustion is Garried cut as follows: The hydrogen used as a 
diluent is generated in a Hempel hydrogen pipette from zine free from 
carbon; the requisite quantity is drawn into a burette, measured and 
transferred to a mercury pipette; a measured volume of acetylene or 
ethylene is then driven over into the hydrogen and the gases thus mixed 
drawn back into the burette. About 10 cc. more than the theoretical 
amount of oxygen required for the combustion is measured and trans- 
ferred to the combustion pipette. The burette containing the mixed com- 
bustible gases over mercury is connected with the pipette and the level 
bulb of the latter so placed that the oxygen in the pipette is under a re- 
duced pressure of one or two centimeters of mercury. The current is then 
turned on and the resistance so adjusted that the spiral is maintained at 
a bright red heat. The pinch-cock on the rubber connection of the burette 
with the capillary arm of the pipette is opened; the expansion of the 
oxygen by the heat from the spiral approximately balances the reduced 
pressure and little or no gas enters the pipette on opening the pinch-cock. 
The serew pinch-cock on the connecting tube of the burette and its level- 
ing tube is then slightly opened and so adjusted that the flow of gas into 


the pipette is about 2 cc. per minute. After proper adjustment is effected 
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the apparatus requires no further attention until the combustion is ended. 
If the inflow of combustible gases much exceeds the rate prescribed, 
a series of small explosions is likely to occur at the juncture of the capil- 
lary side-arm with the pipette, traces of carbon deposition are evident and 
the results are slightly low. 
Some analyses of acetylene and explosive mixtures of acetylene with 
air are appended : 


: | ' After } Og Con- FS 
Exp. No. | C2Ha, ec. Ho, ee. Og, ce. Res. cc. KOH ee. CO2, ce. suiedveen CoH, %. 
- =r ! 
1 20.0 30.0 | 80.0 55.0 15.0 40.0 65.0 100.0 
2 10.0 30.0 | 54.2 34.3 34.2 20.1 40.0 100.5 
3 2.0 50.0 | 52.6 26.8 22.8 4.0 29.8 100.0 
4 30.0 30.0 100.0 70.3 10.8 59.5 89.2 99.2 
5 30.0 15.0 100.0 18 18.4 59.4 | 81.6 99.0 
6 15.0 | 30.0 69.0 46.6 16.6 30.0 | 52.4 100.0 
7 15.0 | 30.0 70.0 47.4 17.4 30.0 | 52.6 100.0 
8 10.2 | 25.0 50.9 33.4 13.0 20.4 | 37.9 100.0 
Explosive mixtures of air and acetylene: 
| 
1 | 15.0 30.0 5 35.2 13.4 BU Be centre tere 72.6 
2 15.3 30.0 51.0 34.6 12.5 7a! ila (AE ee a 8 72:2 


Absorption by fuming sulphuric acid gave 72.0% and 72.3%. 


Purdue University, 
Lafayette, Ind. 


MetuHops IN Sotrp ANALYTICS. 
By ArtHuR S. HatTHaway. 
Define the ‘‘vector” [h, k, m] as the carrier of the point (x, y,z) = P, to the 


point (x +h, y+hk, z+m)=Q, and show that the distance and direction cosines 


of the displacement P@ are given by functions of the vector called its tensor and 


re Th, k, m] = 4" + #2 4 m2) =n, ULh, km] =[h/n, k/n, m/n]. 


Interpret the sum [A, k, m] + [W’, ’, mJ] =[h+W,k4+ kh, m+ m’] asa 
resultant displacement, PQ + QR = PR, and the product n[h, k,m] =[nh, nk, nm], 
as a repetition of the displacement. 


’ or ‘‘vectors” whose 


Define the linear functions of g=[2, y,z] as the ‘‘scalars’ 
values or components are linear homogeneous functions of the components of q, 
such as az + by + cz, etc. Hence, fora linear function Fg, F(q+7r) = Fq+ Fr, 
nFq = F (nq). 

Hence, for a bi-linear function Far, F(ag 4+ aq’, br + b’r’) = abFqr + 
ab’ Far’ + a/b q’r + ab’ Fq’r’. 

A special scalar and vector bilinear function of g=[z, y, 2], g’ =[’, y, 2] 
are defined. 

Sqq’= xx’ + yy’ + 2/=Sq'q. 
Vqq= Lye’ — zy, 2x’ — xz, xy/— yx’ | = — Vq’q. 

If © be the angle between the displacements g, g’, these functions are inter- 
preted as, 

Sqq’ = Tq . Tq’. cos®8. TVqq’=Tq.Tq’. sin8; and Vqq’ is a displace- 
ment perpendicular to both g and q’, in the same sense as the axis OZ is per- 
pendicular to OX and OY, 7. e., on one side or the other of the plane XOY. 

The use of this material is illustrated in the following examples: 

Met? 3d, — 1), b= (3, 0, 11) 6 — (850-2), Di (d,7, 11). 

1. Find the lengths and direction cosines of AB, AC, AD. 

Ans. LAB = 3, UAB [4)-3;,-4], ete. 

2. Find cosBAC. Ans. SUABUAC=}$- 

3. Find area of ABC and volume of ABCD. 

Ans. 4 TVABAC=} 185, 4 SADVABAC= — 13. 

4. Find the cosine of the diedral angle C— AB— D. 

Ans. SUVABACUVABAD = mS 

5. Find the sine of the angle between AD and the plane ABC. 

han SU PAB AC ===. 


6. Find the projection of 4B on CD and the distance between them. 


19 78 
Ans. SABUCD= , SADUVABCD= =: 
V 94 V 485 
7. Find the equation of the line AB. 
x—2 y—3 241 
Anss 4:P:=t4Bs or pes aS (( = ih je 
» ¢ 


8. Find the equation of the plane ABC, 
Ans. SAPVABAC= 2x + 9y — 10z— 41=0O. 
(a) The distance from this plane to (2, 7’, 7) is SAP7UVABAC, or 


(207+ 9y’— 102’— 41) . 


V 185 
9. The vector whose tensor and components are the moments of AB about 
C and about axes through (' parallel to OX, OY, OZ, is VCAAB = [2, 9,— 10]. 
10. The work done by CD in making the displacement AB is SABCD=19. 


Rose Polytechnic Institute, 
Terre Haute, Ind. 
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Mortron oF N Boptgs. 


By ArtTHuR S. HATHAWAY. 


The relative motion of n bodies, in any order of space, and subject to any 

law of mutual action, is given by 

(1) ¢=¢7 
where @ is a matrix which transforms n determining points Of a reference space 
. of order n—1 into the positions of the n bodies, and 7 is a self-conjugate 
matrix, depending solely upon the ratios of the mutual reactions to the corres- 
ponding mutual distances. 

The matrix ¢ is of order »—1, if the motion of the bodies is within the 
reference space, and 9’, the conjugate of ¢, annuls every direction of the refer- 
ence space exterior to the space of the moving bodies. If the space which con- 
tains the moving bodies be greater than »—I/’st order the matrix ¢ must be of 
the same order, but must annul all directions outside of the reference space. 

The reduced equations of motion are, 

(2) (P+ W) v—! (b—W) =2 (W— Yr — ry), 
(3) W=rp— pr, 


where y= #¢’@, a function of the mutual distances, and W is a skew conjugate 


matrix, whose elements are to be found from the quadratic equations be- 
tween them in (2), and thence substituted in the remaining equations of (2) and 
in (3), giving a certain number of reduced equations of second and third order. 

Another equation which is linear in the elements of W enables us to find 
the reduced equations in third and fourth orders, 


(4) De (h)— yr — rh) = mh + pe + Wr —eW. 


Rose Polytechnic Institute, 
Terre Haute, Ind. 


Direcr Rrapinac ACCELEROMETERS. 


By C. R. Moore. 


Every person is more or less familiar with the subject of acceleration 


or deceleration 


changes of velocity—whether or not the laws governing 
the same or the mathematical expressions therefor are understood. Such 
everyday occurrences as passengers swaying to and fro partially suspended 
from street car straps, the hurry up that accompanies one’s movements as 
he tries to reach the car door just as the motorman stops the car, are 
examples which prove this. Changes in the rates of motion are essential 
to all forms of transportation, and the more rapidly a car or train can be 
brought up to speed (or stopped) the shorter will be the time required be- 
tween two points when a given number of stops must be made. Railway 
trains, street and interurban cars are therefore started and stopped as 
quickly as is consistent with reasonable comfort, in response to the demand 
of the traveling public for fast time. 

It is the purpose of this paper to discuss briefly the laws of motion, 
and to describe a new device for measuring the rate of change of velocity, 
showing results of tests recently conducted in the Electrical Laboratories 
at Purdue University. 

The author realizes at the outset that the subject of acceleration 
Ineasurement is an old one and is rather reluctant to lay claim before this 
body of scientists that what is offered herein is new. However as far as 
his knowledge goes this device has not been used previous to this time. 
The scheme is brought to your attention for whatever consideration it may 
merit. 

Before discussing accelerometers in detail, a brief study of just what 
is meant by acceleration and deceleration may be of value. 

In Fig. 1 curve “D” shows distances plotted against time, the dis- 
tances being taken as ordinates and the time as the abscissee. The car is 
to be thought of as moving from a certain point “O,” distances ‘‘d” being 
measured from that point at the end of the any time “td.” It will be noted 
that during the first few time units after the car starts the distance passed 
through each successive unit is greater than that passed through during 


the preceding unit of time, i. e. the rate of motion is increasing. At the 
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end of a certain time, however, equal increments of time show equal in- 
crements of distance. The curve then becomes straight because the rate 
of motion has become constant. 

Velocity or the average rate of motion is defined as the space passed 
over divided by the time required for passage. The average velocity 
through any poipt then may be found by dividing small increments of 
distance by the corresponding increments of time. By taking these in- 
crements sufficiently small we may make the average velocity approach 
the true instantaneous velocity through any given point, as closely as we 
please. At the limit or when the increments become zero these velocities 
are equal. 

Near the point “P” on the distance curves shown in Figs. 1 and 2 are 
drawn small triangles having for their vertical components small distances 
“dd” and for their horizontal components the corresponding increments 
of time “dt.” From the above definition the average velocity for the 
dd 
ae” 

By taking this triangle very small the average velocity may be made 


space passed over designated by the small triangle will be y= 


to very closely approximate the instantaneous velocity at the point “P.” 


It is also to be noted that the ratio = is the expression for the tan- 
( 


gent of the angle included between the line “dt” and that portion of the 
curve which completes the triangle. Values proportional to ‘“v’ may 
therefore be found at any point on the distance curve by drawing a tan- 
gent line at that point and finding the tangent of the angle between this 
line and the horizontal. Plotting these values multiplied by a constant 
gives the velocity curves “V” (See Figs. 1 and 2). From this curve we are 
able to determine the velocity of the car at any time “t.” 

By scanning curve “V” we note that the velocities for different 
time values until that time is reached where the distance curve became 
a straight line. At this point the tangent values become constant anda 
the velocity curve becomes horizontal. 

Just as velocity may be determined by dividing space passed over by 
the time required, so may the acceleration be determined by dividing the 
velocity change by the time required to make the change. The statements 


relative to average and instantaneous velocity also hold for average and 


: : ; . : dy 
instantaneous values of acceleration. We may therefore write a =a 
( 
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as the general expression for acceleration when derived from the yelocity- 
time curve. As before, this expression denotes tangent values so that the 
acceleration curve may be obtained from the velocity curve in the same 
manner as the velocity curve was obtained from the distance curve. It is. 
interesting to note that the acceleration curve reaches the X-axis at the 
same time the yelocity curve becomes horizontal and at the same time 
the distance curve becomes straight. This is shown mathematically as 
follows: 

uvdd - MWY) pu, ad 
Sanaa Oe Ot jew dae 


or the value of “v’ can be variable only so long as the distance time 


Vv =) for v= a constant. 


curve is not straight, and unless “vy” is a variable the second derivative of 
the distance cure will be zero. 

Physicists learned early that weight could not be taken as a standard 
of force on account of the variation of gravity with location on the earth’s 
surface. Knowing however that force was required to change the velocity 
of a body it developed that when the amount of substance—mass—in a 


. Ww s : a A 
given body was known (m=-~—)_ the force needed to give it a definite 


change in velocity in a given time was a definite function of these two 
quantities. The familiar expression for this is, Force = mass x accelera- 
tion. 

The equation is valuable to scientists and engineers alike. Using 
unit mass and unit acceleration, the scientist finds thereby a unit force 
which is constant. (The equation of the pendulum gives him the acceler- 
ation due to gravity at any point so that mass may be easily determined. ) 
Knowing the masses involved in a given car or machine, the engineer is 
able to predetermine the torque necessary at the motor shaft to bring the 
same up to speed in a given time. This information is valuable for pur- 
poses of design. 

After the apparatus has been assembled it is sometimes necessary to 
determine their performance. The mass being known it remains to meas- 
ure the acceleration to see if the motors meet the requirements. 

This measurement of acceleration has been attempted in many ways. 
A few of the more important schemes will now be considered. Accelerom- 
eters employing a freely moving mass of some sort have been most used. 
Dr. Sheldon’s device is of this type, using a suspended weight carrying 
pointer at the bottom (fastened thereto by rods) which plays over a scale. 
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The mass being free to move is sensitive to changes of velocity and the 
scale may be calibrated to read acceleration directly. The calibration is 
fairly simple and the device is not difficult to construct. 

Another device working on the same principle consists of a ‘“U” tube 
partially filled with mercury so placed that its plane is parallel to the 
motion of the car. It is obvious that changes of velocity will cause the 
mercury to rise in one side of the tube and to fall in the other. The more 
quickly these changes occur the greater will be the difference between the 
heights of the mercury in the two portions of the tube. The tube may 
therefore be calibrated to read acceleration directly. 

Again the accelerometer takes the form of a slightly inclined track 
upon which rolls a ball. This track is made to extend in both directions 
and has a short level portion at the middle. Changes of velocity cause the 
ball to move one way or the other along the track. This device is difficult 
to read and is not very accurate. 

All of these accelerometers are confined to horizontal motions and if 
the track be other than level corrections must be made therefor. This in- 
volves a great deal of labor and expense so that while the devices are 
simple in themselves their use is complicated. It is next to impossible 
to make them self-recording. 

Another apparatus for reading acceleration consists of two magneti- 
cally actuated markers so arranged that dots may be made by each of them 
on a sheet of paper moved at a uniform rate of motion. The magnet of 
one of these pointers has its circuit closed through battery at regular time 
intervals by a clock. The other pointer has its magnet operated on a 
circuit which is closed through battery a definite number of times per reyo- 
lution of the car wheel. From the record made by these pointers the ac- 
celeration at any time may be determined. This apparatus also involves 
a great deal of labor and expense and is seldom used. 

The accelerometer which is the subject of this paper depends for its 
operation entirely upon electrical phenomena and is independent of its 
own location, motion or position. It will therefore read acceleration ver- 
tically or at any angle as well as in the horizontal direction. No cor- 
rections are necessary and it may easily be made self-recording. It is 
not difficult to calibrate and is permanent. 

The circuit as originally conceived is shown in Fig. 3 in which “B” 


is an electric condenser, “C” an ordinary high grade direct current volt- 
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meter (with the extra resistance removed) and “A” is a direct current 
magneto generator having permanent magnet fields. 

The equation of the condenser is Q=EC; where Q is the quantity of 
electricity in Coulombs (ampere seconds), E is the voltage impressed, and 
C is the capacity in farads of the condenser. Studying this equation we 
find that if E is increased uniformly the quantity of charge Q on the con- 
denser plates will also increase uniformly. Since Q is increasing uni- 
formly with respect to time, the inflow of current is at a constant rate, 


ee fe OY 
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Likewise a constantly decreasing FE will give uw constant 
outflow of current. However, as soon as I reaches a fixed value all cur- 
rent flow in the circuit ceases since it is one property of the electric con- 
denser to arrest the flow of direct current. (The terms “inflow” and 
“outflow” refer tc those condenser plates that are directly connected to 
the instrument terminal. Of course as much current flows on to one set 
of plates as flows off of the other plates, the current in the line having a 
definite direction during an increase of voltage and the opposite direction 
during a decrease of voltage.) The magnitude of these currents are shown 
by the direct current instrument which consists merely of a coil swinging 
in a uniform magnetic field. Se long then as the voltage is changing uni- 
formly the instrument will read a constant value returning to zero oniy 
when FE ceases changing. It follows that if E does not change uniformly 
the instrument will not read a constant value but that its indications 
will be proportional to the instantaneous rate of change of the voltage. 
The direct current magneto is so designed that its voltage 1s directly pro- 
portional to its speed, so that changes of voltage at its terminals can only 
occur as a result of changes in speed. Therefore the instrument reads 
the rate of change of speed, i. e. acceleration whether positive or negative. 

In a preceding paragraph it was implied that an electric condenser 
allows no current to pass when the voltage E has reached a fixed value. 
This would be a fact if an ideal condenser could be made, but it is a well 
known fact that there is always some leakage even in the best condensers. 
This means tbat the dielectric has a definite value of resistance which 
varies with different conditions and substances, and according to Ohm’s 
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law the leakage current will be 1 — R This state of affairs renders our 


ideal circuit incorrect for any speed above zero because the instrument 


gets a small current in a definite direction that is practically proportional] 
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to speed, and even if the voltages were constant—acceleration zero—the 
instrument could not return to its zero position. 

The circuit must therefore be modified to compensate for this small 
leakage current, as is shown in Fig. 4. A second direct current magneto 
(or another commutator on the original machine) is arranged so that it 
ean feed current through a high resistance to another coil on the moving 
element of the instrument. This second coil is wound over the first and 
works in the same magnetic field. The current is passed through it in such 
a direction that the torque produced thereby opposes the torque of the 
original coil. By adjusting the high resistance these torques may be made 
equal and the instrument will read zero for any constant value of voltage 
within reasonable limits. This allows the charging currents to actuate 
the instrument entirely independent of the leakage current and condensers 
of reasonable cost may be employed. 

In Fig. 4 the second generator is shown at A,, the high resistance at 
R, and the second coil on the moving element of the instrument has its 
terminals shown at T, and T.. These terminals are also sbown in the 
separate sketch of the instrument ©. It will be noted that the pair of 
magnetos are shown belted to a car axle. When this is done changes in 
the rate of motion of the car will produce changes in the voltages of the 
magnetos so that the instrument may be calibrated to read accelerations 
in terms of feet per second per second, as well as in terms of revolutions 
per second per second. 

Figures 5 to 11 show the results obtained recently from tests on this 
type of accelerometer. Three curves (Figs. 5, 6 and 7) show positive ac- 
celeration, and three (Figs. 8, 9 and 10) show negative acceleration. 

The experimental apparatus with which these results were obtained 
was made up as follows: the direct current machine in the condenser cur- 
cuit was a separately excited generator of about 500 watts capacity having 
a normal speed of 1,800 R. P. M. The fields were excited from storage 
battery, about 140 milamperes being used. At 1,800 R. P. M. this excita- 
tion gave about 50 volts at the terminals. Since the field was constant 
and no appreciable current was taken from the armature the voltage re- 
mained directly proportional to the speed. The condensers had a combined 
capacity of about 65 micro-farads and were of the ordinary paper type. 
The instrument used was home made and very imperfect. Its moving 
element was very heavy. its frictional error large and the damping effect 
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poor. Its calibration curves are shown in Fig. 11. These imperfections 
account for the variation in its calibration constant as will be stated later. 
The resistance circuit contained a three-volt, 1,800 R. P. M. magneto (perma- 
nent fields) directly connected to the motor shaft, as was the generator in 
the condenser circuit. The resistance employed was of the ordinary box 
type. 

Acceleration was obtained by impressing suddenly a fixed voltage on 
the driving motor and reading values of speed and the accelerometer every 
two seconds. Deceleration was obtained by opening the motor switch and 
reading speed and the accelerometer every two seconds. The speed read- 
ings were secured by attaching a voltmeter to the three-volt magneto. 
Some of the readings thus taken are shown in Figs. 5 to 10 which are 
self-explanatory. 

Scanning these curves brings out their similarity to the mathematical 
curves on Figs. 1 and 2. 

Calibration is effected by drawing tangents at various points on the 
speed time curve and dividing the accelerometer reading at this point by 
the value of the tangent of the angle between this line and the horizontal. 
This quotient should be constant. Now by noting actual voltage and the 
corresponding speed the number of volts per revolution may be obtained. 
Our tangent value indicates volts change in a given time “t’ which may 
now be reduced to revolutions change in the same time. If the gener- 
ators be belted to a car axle the wheels of which have a known diameter 
this revolution change may be reduced to the corresponding change of 
linear velocity in the given time “t.” 

For the tests herein described, however, the instrument scale was 
arbitrarily drawn and, with the particular circuit set up, each small di- 
vision corresponds to an acceleration of 0.33 revolutions per second per 
second. If it had been used on an interurban car haying 24” wheels its 
scale would indicate 0.817 feet per second per second per small division. 
This value could be reduced to a workable figure by using a larger con- 
denser, a higher voltage and a more sensitive voltmeter. 

These calibration yalues varied from 15 to 25 revolutions per second 
per second per small scale division on account of imperfections in the in- 
struments and the small readings made necessary by having insufficient 
capacity. 
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Almost any condenser when suddenly discharged if allowed to stand a 
few minutes will experience a rise in potential at its terminals. This rise is 
due to what is known as the residual charge. This phenomenon is explained 
as follows: When a condenser is charged its dielectric is strained and being 
non-homogeneous the strains are unequal. (By strain is meant the actual 
compression of the plates.) When discharged these strains are relieved but 
they do not decrease at the same rate, so that some parts of the dielectric 
become strained in the opposite sense and balance those parts which are 
slower in acting. The condenseer is then apparently discharged, but after 
standing a while these strains tend to diminish and usually there is a re- 
sultant strain set up. This resultant strain is due to the fact that while 
the forces were originally balanced at the end of the first discharge, yet 
the distances are unequal and in nonhomogeneous materials stress is sel- 
dom proportional to strain. 

The condenser may now be discharged again and after a time may 
show still another rise of potential. In the apparatus herein described 
this effect is entirely negligible, for the reason that the condenser is never 
charged or discharged suddenly, some few seconds being required to com- 
plete the action. 

In all condensers there is also some absorption, but with good con- 
densers used at the voltages proposed for this apparatus this effect is also 
quite negligible, and we may with certainty say that for a given voltage 
change at any part of the potential range equal quantities of electricity 
pass through the instrument. 

With an instrument giving a uniform scale therefore we have an ap- 
paratus which will show equal increments of readings for equal rates of 
change of velocity, i. e. a direct reading accelerometer. 

Fig. 12 shows the apparatus as assembled for use in railway work. 
The double commutator magneto is here shown belted directly to the car 
axle. It is obvious that the readings of the instrument are unaffected by 
grades or side tiltings of the car. 

The apparatus may be made self-recording by employing a recording 
instrument instead of an indicating one, as shown in Fig. 13. These re- 
corders may be obtained in the market and are very sensitive and reli- 
able. The record is made by placing a pen on the end of the voltmeter 
pointer, the whole being pulled down upon a sheet of paper moving at a 


uniform rate of motion by means of a small magnet whose circuit is 
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closed through battery by a clock. The record is thus made automatically 
and needs no correction. 
The accelerometer may be made self-contained and is easily trans- 


ferred from one car to another. 
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Purdue University, 
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Some Novres ON THE STRENGTH OF CONCRETE BUILDING 
Buiocks. 


By H. H. Scorrerp. 

The concrete building block industry is rapidly assuming an important 
position and-is now established on a firm basis among the other industries 
supplying building materials. 

Reinforced concrete is now very largely used and seems to be the 
best form of concrete used for floors, beams and columns, but the concrete 
block seems to be the form of concrete most adaptable for use in the 
walls of residences and other buildings. 

The industry has grown so rapidly in the past few years that stand- 
ard specifications for their manufacture and use have been adopted by 
the National Association of Cement Users and by many cities of the 
United States. The need for proper specifications was brought about 
mainly on account of the large number of inferior blocks placed on the 
market by irresponsible manufacturers. The causes for this are various, 
such as: a desire for higher profits brought about by using inferior in- 
gredients; ignorance as to the best methods of using the materials at 
hand, careless workmanship and improper treatment as to storage, ete. 

The specification for crushing strength as called for by most specifi- 
cations is so high that it can be filled only by the best methods and the 
best material, and although it is many times more than a block will ever 
be called upon to stand in actual use in a wall, yet it insures a block 
which is strong, dense and thereby water-proof, with elean-cut, smooth 
edges, and a block which will endure for ages. 

The following are some items which enter into the making of good 
concrete blocks: 

In the selection of a cement, a maker has two alternatives. Ile must 
either use a first-class, standard brand of known excellence, or he may 
use the competitive brands on the market, thereby getting lower prices. In 
the latter case, he should have each shipment sampled and tested by a re- 
liable testing laboratory. 

An unsound cement may not show up till the block is in the wall or 
for years after, but it is practically inevitable that the block will finally 
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crack and disintegrate. Some cement companies take proper precautions 
in the treatment of raw materials and storage of the finished product. 
such that very rarely does an unsound cement leave their mill. Other 
companies, in the rush of business, do not properly mix and grind their 
raw material and finished cement, and do not store the cement long 
enough for the hydration of the free lime present. These are conditions 
that tend to place more or less unsound cement on the market. The future 
of the concrete block manifestly depends to a great extent upon the use 
of a sound cement. 

For maximum strength in concrete, the cement must be finely ground, 
but fine grinding is expensive and consequently this part of the manu- 
facture is often slighted. The cement should also be slow setting, as a 
cement that reaches its initial set in two or three hours will be stronger 
at the end of seven days or a month than a quicker setting cement that 
reaches its initial set in forty or fifty minutes. 

The cement to be used in concrete blocks should’ in all cases pass 
the specifications of the American Society for Testing Materials. 

Too frequently the reason for poor concrete is ascribed to poor cement. 
and no thought is given the other materials entering in, namely; sand, 
gravel or broken stone. The selection and proportioning of the aggregate 
for the best concrete is very important in the building block industry. It 
is well known that the proportions of cement, sand and stone which will 
give the densest mixture of concrete will also give the highest strength. 
It is also recognized that a rich, dense mixture of concrete is the most 
nearly waterproof that concrete alone can be made. So that for a strong, 
water-proof block, it is important that the cement and aggregate be prop- 
erly proportioned. This may be done by actual trial mixtures to deter- 
mine the densest concrete. An aggregate containing coarse stones and 
sand has greater density than sand alone and consequently is better for 
use in concrete blocks. 

According to Wm. B. Fuller, an eminent authority on concrete, the 
most nearly perfect gradation of sizes of particles in an aggregate may 
best be known by the process of mechanical analysis and subsequent re- 
proportioning. In case the business warrants it, samples of the gravel 
should be submitted to a reliable testing laboratory for mechanical analy- 
sis to determine the proper proportions, 


A dirty gravel or one that contains impurities should be washed. This 
will not only improve the strength of the concrete, but will make a more 
uniform and desirable color for the finished block. 

It is now agreed that cement hardens by a process of crystallization 
of the active elements. Water must be present for the crystallizing to go 
on. Therefore it is necessary that the proper amount of water be used 
in mixing the concrete. This, by some authorities, is from 8 to 18 per 
cent. Also it is necessary that after moulding, the block must not be 
allowed to dry out, as no subsequent addition of water will give per- 
fect crystallization. Some makers cure their blocks in a steam bath, there- 
by insuring constant moisture. The economical value of steaming con- 
crete blocks is a subject for experiment as yet. Most specifications limit 
the time after making at which blocks may be used in the wall, so that the 
increased speed of hardening by the steam process is not so important. 

The specification for crushing strength of concrete blocks, in most 
cases, is 1,000 pounds per square inch of gross area, no allowance being 
made for the hollow spaces. The block must reach this strength in 28 or 
30 days after making. 

The city of Indianapolis has recently adopted specifications for con- 
crete building blocks, and the results of the first series of tests for the 
block makers of that city by the Laboratory for Testing Materials of Pur- 
due University, indicate a chance for improvement. 

Of 75 tests of blocks, supposed to have been made under the specifica- 
tions, only 28 per cent. passed the specification for crushing strength, and 
the average age of these was 41 days instead of 30. Similar results have 
no doubt been found in all cities which have adopted a building block 
ordinance. However, under the influence of these somewhat rigorous 
specifications, it is to be expected that the quality of the product on the 
market will greatly impreve. This in itself will strengthen the industry 
for those makers who are content to manufacture good blocks at a rea- 
sonable profit. 


Purdue University, 
Lafayette, Ind. 
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PoLARIZATION OF CapMIUM CELLS. 


By BR: BR. RAMSEY: 

While working on another problem (Phys. Rev. Vol. 16, p. 105) it 
was noted that the E. M. F. of a cadmium cell was greatly decreased and 
at times apparently reversed after a considerable quantity of electricity 
had passed through it. 

To investigate the cause of this phenomenon the experiments de- 
seribed below were undertaken. Work of a similar nature has been car- 
ried out by F. E. Smith (Phil. Trans. Roy. Soc. Lon., Series A, Vol. 207, 
p. 393); by S. J. Barnett (Phys. Rev. Vol. 18, p. 104, 1904), and by P. I. 
Wold (Phys. Rey., Vol. 27, p. 182, 1909). However, in their experiments 
the time of polarization was comparatively small, the attention of the 
investigators being directed to the initial polarization or to the rate of 
recovery. In my work I have attempted to find the cause of this polariza- 
tion. 

Cells were constructed of the H type and according to the accepted 
formula for cadmium cells. The chemicals used were C. P. chemicals of 
commerce. With ordinary care a cell could be obtained whose HE. M. F. 
did not differ more than .001 volt from the standard value. Measurements 
of EK. M. F. were made by means of a potentiometer. At times where 
rapid measurements were desirable and great accuracy was not necessary 
a voltmeter was used, the readings being corrected for the internal re- 
sistance of the cell. Current was measured with a milliameter and time 
was measured with a watch. At first it was thought that the polarization 
was a surface effect, that a relation existed between the area of the sur- 
face of the electrode and the quantity of electricity required to polarize 
a cell to some standard amount. Cells were made with electrodes of vari- 
ous diameters. The current was noted at stated intervals, so that the 
total quantity could be caluclated. This was found to differ in different 
cells, but it appeared to depend more upon the past history of the cell 
than upon the electrode surface exposed. 

It was found that after a cell has been polarized once and has re- 
gained its normal E. M. F. again it required less quantity of electricity 
to polarize it than it did during the first run. A cell with three legs was 
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made. Two of the legs were filled with inercury and the third was filled 
with cadmium amalgam. Connection was made to the amalgam terminal 
and to one of the mercury terminals and current passed until the cells 
were polarized. Measurements were made by means of the potentiometer, 
and it was found that the E. M. F. between the unpolarized mercury ter- 
minal and the cadmium terminal was normal, while the polarized mereury 
terminal gave a very small value, showing the polarization to be at the 
mercury terminal. Measurements were made between polarized cells and 
unpolarized cells by connecting the two cells together by means of a 
siphon filled with cadmium sulphate solution. In every case it was found 
that the polarized mercury terminal gave low values, while the polarized 
“cadmium terminal gave normal values when connected to unpolarized mer- 
cury terminals, never deviating more than could be explained by concen- 
tration and temperature effects. 

A cell (5) was short circuited for some days and part of the mercury 
Was removed with a pipette, washed and filtered through a pinhole and 
made the mercury terminal of a new cell (6) from which the mercurous 
sulphate was omitted. The E. M. F. was measured from time to time 


and the recovery noted. The following table gives the results. 


E. M. F. 
6) | ©) 
March 95 (lp p: Mi. * ; : $ : 0.1308 0.1290 
March 10, 9:00 a.m..... ty ba AE Ree: aed .1320 1307 
March MO Rab ina, hess arene: . é Lae . 1363 1310 
March LAM al EP, CVS Tes Behe Dec oe anaes oe .1488 . 1339 
March 13, 10:15 a.m... : WM ke f ge ictaz Sout 1675 1322 
March Li Se Ne a eae y Se ae Se eee a oe 1.0222 1317 
March ESR aS phen een Wg et ay a eh a aN RG NE Cn he 1.0242 1335 
May Le HERI SY 5 5 Pa tee Pe, Pa eR MAND BP, ek ORR AT Oy cetre’ 1.0146 0691 
June Sr ssoare BAe eae ee Ae hs the, He, 1.0177 0533 
August 2 ee ce ON Dt alone fie, OR Be ee baa a ork eke d 7 1.0189 -0637 
SepisMbeia vse, Asesuce tera saarac ye aeatea c irae a eee a ae eee ath 1.0150 | 0462 


The above table shows that cell (5), which contained mercurous sul- 
phate, recovered its BE. M. F. in a few days, while (6) remained polarized 
for six months. The results show the E. M. F. in March to be greater 
than the later values. This may be due to the cadmium sulphate solution 
not being concentrated in the early observations or to some constant error 
of the potentiometer. The table shows that the polarization is due to 
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something in the mercury which can not be washed or filtered out. But 
is removed by mercurous sulphate. The mercury from cell (6) was taken 
out and placed in a tube and sparked by a large electric machine. Cad- 
mium lines were very distinct in the spectrum. Thus it would seem that 
polarization is caused by cadmium being deposited in the mereury and 
that the recovery is due to the removal of the cadmium by the mercurous 
sulphate. 


Indiana University, 
Bloomington, Ind. 


An INVESTIGATION OF A Potrnt DiscHARGE IN A MAGNETIC 
FIELD. 


By Oscar WILLIAM SILVEY. 


Since the announcement of the magnetic deflection of the electric are 
and of the path of the particles of a vacuum tube discharge, there has 
been some investigation of the electric discharge in a magnetic field at 
atmospheric pressure. 

Among the first of these investigations was that of Precht,t who found 
that when a spark passed transverse to the lines of force in a magnetic 
field, between a point anode and a blunt cathode, there was a deviation 
of the path of the spark, especially from the middle portion of the spark 
gap to the cathode, the spark increased in brightness, and there was a 
decrease in the fall of potential between the electrodes. Also, if the elec- 
trodes were separated farther until a brush discharge existed between 
them, the stream showed a deflection, the potential between the points 
decreased, and the brush often changed into a spark discharge, when the 
electro-magnets producing the field were excited. In case of the glow dis- 
charge, where there existed a small brush at the anode and a bright spot 
on the cathode, with the intervening space dark, the spot moved up or 
down according to the electrodynamic laws, when the field was mag- 
netized first in one direction and then in the other. 

In case a point cathode was used with a blunt anode, the spark was 
deflected and the potential raised, when the magnet was excited the spark 
discharge being often changed to a brush. 

"H. E. Schaeffer has recently studied the effect of the magnetic field 
on the spark discharge of an induction coil in each of the following types 
of spark: 

“1. The spark obtained when neither capacity nor self-induction had 
been introduced into the secondary circuit of the induction coil. 

“2. The spark obtained when a capacity of 0.005 to 0.012 microfarads 
had been introduced into the secondary circuit. 


1J. Precht, Wied. Annalen (66-4, pp. 676, 697), 1898. 
°H. E. Schaeffer, Astro-Physical Journal (28, pp. 121-149), Sept., 1908. 


234 


“3. The spark obtained when a capacity of .0005 to .012 M. F. and 
a self-induction of 0.0083 henrys has been introduced into the secondary 
circuit.” 

In this study it was found that ‘when the magnetic field was parallel 
to the spark length, the first type of spark presented two sheets of vapor 
in the form of spirals. In a field at right angles to the spark length this 
vapor is in the form of two semicircular sheets, one being on each side 
of the spark gap in a plane perpendicular to the direction of the magnetic 
field. 

“In the second type of spark (if the capacity did not exceed .002 M. F.) 
and in the third type brilliant spiral threads in a parallel field and bril- 
liant cireular threads in a transverse field took the place of the spiral and 
circular sheets respectively. In the first and second types of spark the 
bundle of threads across the gap could not be deflected by a magnetic 
field of 12,000 gausses. In the third type the metallic vapor and the 
threads across the gap were defiected in a very strong field and in a man- 
ner analogous to that of the circular and spiral threads. Reversing the 
direction of the magnetic field, or that of the current through the primary 
of the induction coil, changes the position of the sheets and of their ends. 
Decreasing the current through the primary or lengthening the spark gap 
sufficiently, causes one sheet or one set of threads to disappear.” 

The different parts of the deflected spark were analyzed by the spec- 
troscope, and it was found that the “Circular sheet of the first type of 
spark gave a spectrum of nitrogen bands, while the central threads 
showed that of the metallic lines and the air lines. The second type gave 
the same spectrum of bright air lines, and fainter metallic lines, for both 
circular threads and central threads. The third type showed the same 
spectrum (air lines) for ll metals used as electrodes. The spectrum of 
the circular threads showed the are lines in addition to the air lines.” 


By means of a rotating mirror, the velocity of the circular threads of 
the spark was determined, and from this a value for = calculated. 


Prof. A. L. Foley’ passed transversely through a long tube which 
served as a pinhole camera an electric discharge and observed that when 
a photographic plate was placed at the opposite end of the tube from the 


pinhole, the plate after exposure showed a shadow picture of a strean 


1 Not yet published. 
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between the points which were used as electrodes. The picture of this 
stream was surrounded by interference or diffraction fringes, in some ways 
resembling the fringes about the solid points themselves. 

The principal object of the present investigation was to study the 
effect of a magnetic field upon this stream and to study the character of 
the particles composing it. 

The apparatus used was that constructed by Prof. Foley and Mr. 
Haseman for the investigation of interference fringes about a point dis- 
charge, air streams, and vapor streams. It consisted of a wooden tube 
6.87 meters long (Fig. 1). One part 20.3x20.3x230 cm. was made to tele- 
scope over another part 15.2x15.2x457 em. This provided a means of sepa- 
‘ating the two parts for adjusting the points and magnets. Another portion 
(., Figs. 1 and 3) containing a plate holder (I) was made to fit over 
the end. The tube was painted a dead black inside, and at intervals 
screens (Fig. 9) were placed throughout the tube so that no light 
would be reflected from the sides. An opening was made in _ the 
lower side of the tube beneath the points and through this opening 
a magnet was introduced so that the lines of force were _ per- 
pendicular to the direction of the line of discharge. During 
the latter part of the experiment a similar opening was cut in the 
top of the tube and a second magnet placed above the first one so that like 
poles faced each other. Figs. 4, 5, 6 and 8, show the successive attempts 
to increase the field strength. The end of the tube (C) was closed by a 
cap which shut out all light except from a pin hole, as shown by Fig. 2. 
A circular dise with holes of various sizes provided a means of regulating 
the amount of light. A is a 90° are lamp, the crater of which is focussed 
on the pin hole by the lens B. 

Light was shut out of the tube by placing a piece of black card board 
in front of the pin hole. When a photograph was to be taken, if the dis- 
charge was a Silent or brush, the slide (S) was drawn from over the 
plate, and after the tube had come to rest, the card board was removed 
until the plate was sufficiently exposed. In case of the spark discharge 
which fogged the plate if exposed too long, the card board was first re- 
moved and the exposure made by withdrawing the slide. 

The points first used were made of sharply pointed brass pins 0.61 
mm. in diameter and 3 ecm. long. In the latter part of the experiment 
the brass pins were replaced by steel millinery needles 0.70 mm. in 
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diameter and 5.2 em. long. They were soldered into the ends of brass 
rods 0.5 em. in diameter. The rods were placed in glass tubes and held 
firm by sealing wax at the two ends of the tubes. The points were charged 
by means of a four-mica-plate Wagner static machine (the Leyden jars 
had been removed), which was run by an electric motor with a rheostat 
in circuit for regulating the speed. The rods extended through the sides 
of the camera as shown by (P) Fig. 1, so that the points were near its 
axis. The points were about 15.5 mm. apart for the first three series 
of photographs and about 17 mm. apart for the last four series. 

For the first series of photographs the magnet extended through the 
lower side of the tube directly below the points and was placed so that 
the tops of the pole pieces were about 0.5 em. below the points. When 
the separable pole pieces, Fig. 7, were used they were covered with a layer 
of sealing wax about 3 mm. thick on all sides except the one facing the 
magnet cores, to prevent sparks passing to the magnet from the points. 

As a preparation for the experiment the simpler part of Precht’s work 
was repeated (i. e., apparatus was set up containing cne point and one 
blunt electrode in the same position shown by the points in Fig. 6). The 
deflection of spark, brush and glow discharge were easily observed in a 
semi-darkened room when a transverse field was produced by exciting the 
magnets. Some cases were observed in which the discharge was trans- 
formed from one type into another, but no measurements were made of 
the potential, nor determination made of the signs of the charge on the 
points to see if they accorded with the results given by Precht. 

The magnets and points were then placed in the tube as described and 
photographie records made of the discharge. The silent discharge was 
first studied. To produce the magnetic field a permanent horseshoe mag- 
net was first used, and although it was strong enough to blow out the are 
of an are lamp, the photographs taken showed no deflection of the stream. 
It was then replaced by an electro-magnet, Fig. 5, later pole pieces, Fig. 
7, were placed as shown in Fig. 6, and finally two electro-magnets placed 
in opposition, Fig. 8, in attempts to produce a field sufficiently strong to 
deflect the stream. The magnets were weak compared with those used 
by Precht and H. BH. Schaeffer. The field measured only about 1,000 
gausses as used in Figs. 5 and 6, and only about 1,500 gausses as used in 
Fig. 8. None of the photographs taken of the silent discharge showed any 


deflection when the magnets were excited. 
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Seven series of photographs were then taken. 

A—Is a visible spark discharge. 

B—Is a Brush discharge (a violent stream extended about 0.8 cm. 
from the positive point. The negative point showed only a 
bright speck). 

C—The glow or silent discharge. (Nothing was visible between the 
points in the darkened tube. Each point showed a_ bright 
speck. ) 

D—Spark discharge representing the bighest speed of the machine 
and highest potential between the points. 

E—Spark discharge, representing the lowest speed of the machine at 
which a visible spark passed between the points. A lower 
speed would have caused the spark to change to brush. 

F—Silent discharge, same as C. 

G—Silent discharge, same as C. Deflected by a stream of air issu- 
ing from below the points. 

The different series in decreasing order of their potential as repre- 
sented by the relative speed of the machine are D, A, E, B (C, F or G). 
Series A, B and GC were taken with magnet and pole pieces as represented 
in Fig. 6. The magnetic field strength was about 1,000 lines per sq. cm. 
in the region of the points. The points were 15.7 mm. apart. Series 
D, E and F were taken with the magnets as shown in Fig. 8. The mag- 
netic field strength in the neighborhood of the points was about 1,500 lines 
per sq. em. 

The six numbers of each series, A, B, C, D, E and F, were taken in 
succession as rapidly as possible, it requiring 20 or 30 minutes to complete 
the series. In the photograph the longer stream is the one from the posi- 
tive terminal and the shorter one the stream from the negative electrode. 
If the positive stream is from right to left it is designated as “first direc- 
tion,’ if from left to right, as “second direction.” Nos. 1, 2 and 3 then 
show current in the “first direction,’ while Nos. 4, 5 and 6 show current 
in the “second direction.” If the magnets were excited so that the direc- 
tion of the lines of force were from the front to the back of the photograph 
(i. e., after correcting for the reversal in direction caused by printing 
from the plate), the direction of magnetism is designated as “first direc- 
tion,” and those with the lines of force from back to front of the page are 


designated as magnetized in the “second direction.” 
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Following then this plan, Nos. 1 and 4 show the current when the 
magnets are not excited. Nos. 2 and 5 show the current in a field of the 
“first direction,” and Nos. 3 and 6 show it in a field of the ‘second direc- 
tion.’ It may be observed from the photographs that the streams in series 
A, B, D and E are deflected as if they were flexible conductors bearing a 
current, in so far as direction of deflection is concerned, thus indicating 
that the stream is one of charged particles. 

But some characteristics of the photographed stream are hard to ex- 
plain on the theory that the air is ionized and that the stream consists of 
charged particles. The glow discharge and the negative stream in all 
cases show no deflection in a field of 1,500 gausses. Also the stream goes 
in a straight line after leaving the point instead of following a curved path 
to the opposite electrode, and there seems to be no connection or joining 
of the negative and positive streams. In some ways it acts as the air and 
vapor streams investigated by Professor Foley and Mr. Haseman. In 
case of the silent discharge, where the machine was run at its lowest possi- 
ble speed and the potential was the lowest, the stream retains the same size 
as far as it can be traced. In series B there is not much change in the 
width of the stream. Series E shows the stream growing broader as the 
distance increases from the electrode. Series A shows a still greater 
broadening and D an even greater dispersion. The greater pressure in 
the stream no doubt accompanies the greater potential difference, and 
therefore accompanies the greater dispersion of the stream, as was shown 
to be true in case of air and vapor streams by Professor Foley and Mr. 
Haseman. Series E and B show a greater deflection than any other series, 
and since B was the highest potential brush discharge and E the lowest 
potential spark discharge which could be obtained without a transforma- 
tion of the type of discharge, these few photographs indicate that the great- 
est magnetic deflection is produced when the discharge is on the verge of 
changing from one type into the other. Enough photographs were not 
taken to verify this, however. 

It will be observed in Nos. 1 and 4 of the series E that the stream 
does not always pass along a line directly between the points, even when 
the discharge takes place outside a magnetic field. In the observations 
made such cases were in a minority, the discharge as a rule passing di- 
rectly between the points or nearly so. The cause of its deviation in these 
few cases was not learned. 
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Also, very often when adjusting the speed to obtain photographs for 
series B and E the discharge would change from one type to the other 
when the magnets were excited. Precht found that this was the ease, 
but these observations can hardly be compared with his, since point elec- 
trodes were used in this case, while he used one point and one blunt elec- 
trode. In all cases observed where a change occurred, if a brush dis- 
charge in a nonmagnetic field passed above or below a line directly be- 
tween the points as shown by the spark discharge EH, 1 and 4, and the mag- 
nets were excited to deflect the stream in such a way as to make the path 
of discharge shorter, it changed to a spark discharge. Or if a spark dis- 
charge passed directly between the points and was deflected it changed 
to a brush. In all cbserved cases (possibly 25 or 30) the transformation 
could be explained by the change of distance. 

The series G shows the effect of an air current on the path of dis- 
charge. The air current was led into the camera through the bottom side 
by means of a glass tube 2.25 em. in diameter so that the mouth of the 
elass tube was 2.2 cm. below the points, and flowed at the rate of about 
1,200 c © per second. Nos. 1 and 8 show the discharge without the air 
current, and Nos. 2 and 4 show deflection by the air current. It differs 
from the defiecticn produced by the magnetic field in that the greater de- 
flection here is with the negative stream. This indicates that the pressure 
is not as great in the negative stream as in the positive, which agrees with 
the work of 'S. Arrhenius, who measured the torsion produced by a sus- 
pended wire cross with points bent at right angles to point in the same 
direction and found that the tersion produced by the negatively charged 


wire was less than the positively charged wire, which was more clearly 


shown the lower the potential. (Note—It was intended to show a photo- 
graph with current in second direction, deflected by an air current. G 4, 
which should have shown this, shows a current in the same direction as 
G 2, which was due to a reversal of polarity of the machine. The error 
was not observed until the apparatus was tern down.) 

Series Hl shows photographs of the points when the poles of the ma- 
chine were placed close enough for a spark to pass between them.” It was 
found that when a spark passed between the poles of the machine there 
was a violet stream (brush) between the points. This violet stream did 


not usually pass directly from one point to the other, but was curved with 


1S. Arrhenius (.\nnal. Phys. Chem. 63, pp. 305-313), 1897. 


*STULOd U9aM Jaq 
USMIG JATOLA ‘ALLITPOR UL 9147 JO Sajod UaaMjaq Yardy 


‘H 


“Wradys ALB INO 


YATAN 
YOM 


(PF PUB Z) SON 
ry) (§ pue 7) ‘SON 


‘] ON 


‘LON 


241 


the two ends connected to the needles, not always at the points. When 
the magnets were excited there was no deflection observed in a field of 
1,500 gausses. The photographs taken show nothing between the points. 

Before putting on the cap containing the plate to take the photographs 
in series D a pencil drawing was made of the general form of each spark 
as seen from the end of the tube. Fig. 10 is a blue-print taken from these 
drawings, which shows that the directicn of the spark as it leaves the 
electrode has the same direction as the photographed stream. 

The width of the streams was measured in the proximity of the point 
with a micrometer microscope, and it was found that the width was inde- 
pendent of the potential between the points. The measurement was made 
between the outer edges of the central dark band. It will also be noticed 
in series D that the negative stream is almost as plain and almost as long 
as the positive stream. 

The photographs of series E show plainly the interference fringes as 
described by Professor Foley. Although no special pains were taken to 
show these fringes in any of the work, one or two can be seen on each 


photograph. 


SUMMARY OF RESULTS. 


1. The positive stream between the points for a spark or brush dis- 
charge was deflected by a magnetic field as low as 1,000 gausses, the direc- 
tion of deflection being in accordance with electro-dynamic¢ laws. 

2. The stream for glow discharge and the negative stream in any case 
were not deflected by a field of 1.500 gausses. 

3. The direction of the photographed stream for a spark discharge 
as it leaves the point is the same as the visible direction of the spark. 

4. The size of the stream at the points is independent of the potential 
between the points. 

5. The stream was deflected by an air current, the negative being de- 
flected more than the positive. 

6. The stream for the high potential spark increased in width as the 
distance from the point increased, while the stream for the glow discharge 
retained its original size as far as it could be traced. 

7. Some of the data indicate tlfat the stream photographed is one 
of the ionized air particles, the stream as a whole having an index of re- 


fraction different from that of the surrounding air, due to its pressure. 


[16—23003 ] 
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If this is the case, however, the silent discharge stream and the negative 
stream should have been deflected also. This might possibly be done with 
a stronger field. Also, the stream, if it consists of charged particles. should 
terminate on the opposite electrode, which is very seldom the ease. 


The above investigation was suggested by Professor Arthur L. Foley 
of Indiana University. I wish to thank him and Professor R. R. Ramsey 
for their helpful suggestions during the course of the investigation. 


Physics Laboratory of Indiana University. 
Bloomington, Ind. 
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Tuer Trenactry oF GELATINE. 
[Publication No. 35.] 


By ARTHUR L. FOLEY. 


Some years ago the author called attention to the fact that the co- 
hesive forces of gelatine must be considerably greater than those of glass 
in order that a single drop of gelatine in drying and contracting on a glass 
plate may pull a ring or disk of glass from the plate." The forces here 
exhibited are apparently greater than shown in the common, though not 
well known, process of producing chipped glass by flowing a pane of glass 
with gelatine and allowing the gelatine to dry. Inasmuch as the author 
could not find in any of the literature at hand any recorded values of the 
tensile strength of gelatine, he requested one of his students to attempt 
to determine its value. Several plans were tried, the one giving the best 
results being as follows: 

Gelatine threads were drawn out between the ends of small wooden 
sticks (about the size of a match) after dipping one end of each in melted 
gelatine. The diameter of a thread was varied by varying the size and 
temperature of the gelatine drop, the thickness of the fluid, the length 
of the thread and the time spent in drawing it. To the other end of the 
wooden sticks there had been attached previously small wire hooks for 
suspending the upper end of the threads and for attaching a small cloth 
sack to the lower end. Into this sack dust shot were slowly run until the 
thread broke. The cross-section of the thread was then measured at the 
point of break. 

When the section of a thread was regular its cross-sction was cal- 
culated from the diameters measured by a micrometer microscope. Threads 
of irregular cross-section were placed under a microscope with a camera 
lucida attachment and a tracing made of the perimeter. The area of the 
tracing was measured with a planimeter and the area of the section of 
the thread itself calculated from the known magnifying power of the 
microscope and attachment. 

When glass threads are drawn they are usually almost cylindrical. 
Gelatine threads also are probably approximately cylindrical at the time 


1 Note on the Molecular Forces in Gelatine. Science, Vol. 23, p. 790, May 18, 
1906. 
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of drawing, but they are not so after hardening and drying. The cross- 
section usually becomes quite irregular. This indicates a condition of 
internal strain which acts to lower the breaking strength of the thread. 
Coarse threads would be subject to greater strains than fine threads, and 
therefore we should expect them to show a smaller tensile strength than 
the fine threads. This is in accord with the results of experiment as 
shown by the data of Table I. 


TABLE I. 
Cross Section in Breaking Strength Tensile Strength in 
sq. mm. in grams. Kgm. per sq. em. 
000835 21.6 3,305 
000919 21.5 2,340 
.001002 21.1 2,106 
.001334 ol. 2,778 
.001670 35.0 2,096 
.002610 58.2 25230 
004524 96.5 2,133 
006729 138.1 2,052 
.013920 Die 1,519 
035900 400.1 1,114 
. 180300 800.0 614 
. 264900 2,850.0 1,076 
. 608900 5,600.0 919 
1.709200 6,100.0 opt 


Inasmuch as the error in measuring the breaking strength of any par- 
ticular thread was relatively small and all strains tended to decrease that 
strength as measured, I have included in Table I only maximum readings; 
that is, readings which gave the greatest values of the tensile strength for 
the several sizes of threads. Average readings gave results some twenty 
per cent lower. 

Curve A of Fig. 1 is a plot of some of the individual maximum read- 
ings of Table I. It will be observed that the measured tensile strength in- 
creases very rapidly as the threads are made thinner. <A similar increase 
takes place in wires and glass threads. and is attributed to a “skin effect.” 


This increase is shown in Curve B, Fig. 1, which represents the results ob- 
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tained by drawing out glass threads and determining their tensile strength 
by the method already described. 'That the increase in the case of glass 
threads was due in 
part only to the “skin 


effect’? was indicated 
by the fact that 
the tensile strength 


measurements for 


threads of different 


Sizes were made more 


nearly uniform by 


carefully annealing 
the threads. This was 


done by hanging the 


threads in a verti- 


eal iron tube with a 


small weight at- 


tached to the lower 
end of each thread 
to keep it straight. 
The entire tube was 
then brought to a 


temperature slightly 


below the melting 
point of glass and 
maintained at that 


temperature for one 
hour, after which it was allowed to cool slowly in the asbestos jacket sur- 
rounding it. ; 

An attempt was made to anneal the gelatine threads by hanging them 
in a moist atmosphere in an enameling oven. Various oven temperatures 
were tried with little permanent effect on the threads. The author in- 
clines to the view that the “skin effect” does not account for the larger 
values of the tensile strength shown by the finer gelatine threads, but that 
it is due chiefly to the cause already suggested—the greater uniformity in 
the finer threads. 
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The highest value of the tensile strength obtained for glass threads 
was 3,652 kilograms per square centimeter, while the maximum for gela- 
tine threads was 3,305 kilograms per square centimeter. It is evident that 
these values cannot represent the true values or the relative values of the 
tenacity of glass and gelatine. It may be that the internal strains set up 
in the gelatine threads were such that the tensile strengths as determined 
in this experiment were always too low. Or it may be that the “skin 
effect” in glass threads gave values far beyond the tenacity of glass in a 
plate. Further experiments along this line are in progress. 

The strength of the gelatine threads was found to increase for a few 
hours after drawing, and then to decrease—especially when the thread was 
exposed for a day or 


two to a dry atmos- geoo 


phere. Impurities tend- ELEEP ETE LL ae 
ed to weaken the Be 

threads, Curve A of 
Fig. 2 showing the ten- 
sile strength of threads gece 
of ordinary glue. Curve 
B those of gelatine con- 


taining six per cent of 


potassium chlorate, and 


Curve C those of sup- go, 


posedly pure gelatine. 


Gelatine containing six 


per cent of potassium 


alum gave a curve sim- 
ilar to Curve B; that 
is, the tensile strength 
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glass about six per cent Ea y 


of some easily crystal- 


than the tenacity of the 
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glass, for in chipping o OE AG Ue Oe wa 


lizable salt is mixed with the glue in order to produce the peculiar fern- 
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like forms which give chipped glass its decorative effect. Evidently there 
are forces involved here other than cohesion and adhesion, as these terms 
are commonly used. 

Most of the experimental work of this investigation was done by Mr. 
Elmer J. Harrel, now of the high school of St. Paul, Minm. 


Physics Laboratory of Indiana University. 
Bloomington. Ind 
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Errect oF Certarx DissoLvep Sauts Upon tHE COHESION OF 
WATER. 


By Epwin Morrison. 


Cohesion is defined as “that force which holds molecules of the same 
kind together.” This force is very manifest in all solids, giving rise to 
such properties as hardness, brittleness, malleability, ductility, tensile 
strength, etc. Although not so apparent, 
all liquids manifest the same kind of an 
attractive force between molecules. Sur- 
face tension and the phenomenon of capil- 
larity are due in a measure to cohesion 
of the molecules. That molecules of water 
are held together by means of cohesion 
‘an be demonstrated by bringing a clean, 
horizontal disk of glass in contact with Pig. 1. 
the surface of water and then adding sufficient force to pull the disk away 
from the water. In case the surface of the disk is wet when it comes 
away from the water we know that the force applied has separated two 
films of water, each equal in area to that of the disk. 

Probably Gay-Lussac first experimented upon this force and estab- 
lished the commonly accepted data of 526.875 dynes per square cm. Gay- 
Lussac used a glass disk supported by three guy cords as shown in Fig. 1. 

The author designed and constructed a piece of apparatus for measur- 
ing cohesion of water and other liquids and reported the same to the Lowa 
Academy of Science in 1904. This apparatus consists of a round glass disk 
10.6898 cm. in diameter mounted upon an accurately constructed cone 10.5 
em. high. with an eyelet in the apex for suspending the cone from the hook 
of a specific gravity balance. A cut of this apparatus is shown in Fig. 2. 

In 1905 the author carefully worked out and reported to the Iowa 


Academy of Science the value of the cohesion of water as follows: 
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Data.—Diameter of the glass disk. 
i sMeaSuremento. sun csa tects oad eracaioe Ore 10.662 @n. 
2, MICASULENTCIIE Ss oon cuerert cake be octet eaete ee ... 10.698 em. 
S PMIECASUTCMIEMG s.cc-<h. che ho tn ne ede ee 10.727 em. 
Ae MCASULEMEMU cee kon atc seracoteuett rome Oe 10.694 em. 
Sy MC ASTIREIIEM tes iisepeeaietercve cere) cect e erehera oie lace 10.645 cm. 
GU NMeASUFE MEMS Spiers css cv ciecs sperms Geexeereme ie TE 10.674 cm. 
(IMeaASUReMeN tess cs coe a aka stele es oe ee 10.702 cm. 


Fig. 2. 


Test No. 1.—The number of grams to separate the disk from water 
at 4° C. 


BPTUSOR: elias, oy cccuote tats seater ete aie anole fend his esis ols ches seer non epe 48 .725 
RAL cere atcha oie aie she Bic ale Com eee wYaro eves Sictoho ae latseee es 48.730 
RELA screw sircivie, Siete a ere.e tare rete weaker eels ere Rael aleravame etalleoneeT 48.725 
RETA ecw este comics oa peatatara' s Siw Wvele oe adhe Cot oo ale 8 48.733 
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Test No. 2—The number of grams to separate the disk from water 


Dian .C: 
APTS a LR ae hs coeest oad ahty Peer RRC RENAE NC acl RE RIC 48.710 
EIN TeieaN cote Sweety naleael siete ayesaiterewcloiein) & uso, exauoesl cusnane payee s 48.715 
ADT OTES LS, 5 cach Che oes LOVES CREO CIR Sto RC I Bea eae an 48.725 
MINT EAE A ees Acta choredouct ots nus case ce waisla ss onaloe aero eusvasdvasccelune 48 .730 


MVERAGE Mo lerahicie te Pate ae sorts 48 .720 


Test No. 3.—The number of grams to separate the disk from water 
agents ©. 


TCTs T alee len gecoviey ocronelotck c coisvere ln oka i ites ober ob rctarareueretc Suacane evs 48 .630 
MURTHA es Neots ben ardt secs avatersiars Biya eusieiseaua nn orbies w wee PSS, BIE Bie 48 .640 
Terrien eves epaere cueva oO ensterscera wisieistnuctavee'o ecote ile level or ard maecete 48 .655 
ETGTeT ANA mes, koe tat teelsg tee sae ttt Corevehane elctete eateries ore Sarees cones 48.675 

PAVIOTAS Cl segcte cist sug Mitre te eel Oe eee, Snes enale. pie aL eters 48 .650 


The diameter of the disk being 10.6898 em,, the radius being 5.8449 
cem., the area is 89.7200 square em. In the first test given above it required 
0.5431 g. to separate one square cm. of water. In the second 0.5430 g. 
and in the third 0.5421 g. The average of the three tests is 0.5427 g. per 
square cm., which is equal to 531.846 dynes per square cm. 

In comparing these results with those of Gay-Lussac we find that he 
used a disk which was 11.86 cm. in diameter, and that it required 49.40 g. 
to separate the disk from water, or 526.875 dynes per square cm. 

At this point it may be well to state the precautions taken in the ex- 
periment. First, in order to insure that the water used was chemically 
pure, ordinary laboratory distilled water was redistilled in Jena glass 
vessels in the presence of sulphuric acid and potassium dichromate. Sec- 
ond, the disk was thoroughly cleansed by washing in a solution of po- 
tassium dichromate and sulphuric acid; then in alcohol; then the disk 
was dried in a current of air and washed again in redistilled water. Third, 
a delicate laboratory balance with a rider weight was used in the experi- 
ment. 

At the time the above data on the cohesion of water was worked out 
it was suggested that certain dissolved salts have a marked effect upon 
the cohesion of water. It is the purpose now to note some of these effects. 

A number of solutions of certain salts in distilled water have been 
tested by means of the same glass disk as used in the cohesion of water 
experiment. The first solution tested was that of sodium chloride. Six 
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solutions were prepared by dissolving each of the following number of 


grams of salt in 200 ce. of distilled water: 7.82 g., 15.64 g., 31.28 g., 46.92_¢., 


62.56 g., 


72 g. (saturated solution). 


Six solutions each of cepper sulphate and sugar were prepared in the 


same way as in the case of sodium chloride, and each solution was tested 


for the number of grams to separate the liquid films. 


The results for the eighteen different solutions are tabulated as fol- 


lows: 


First.—The number of grams to separate the disk from the solutions 
when 7.82 ¢. of each of the three materials were dissolved in 200 cc. of 


water. 
Trial Sodium 
vase: Chloride. 
1 42.45 
2 42.50 
3 42 .50 
Mean. 42.48 


Copper 
Sulphate. 


Sugar. 


Second.—The number of grams to separate the disk from the solution 


when 15.64 g. of each of the three materials were dissolved in 200 ce. of 
water. 
A Sodium Copper . 
é Sugar. 
Trial. Chloride. Sulphate. ara 
l 42.15 49.20 50.50 
2 42 .00 49.30 50.52 
3 41.95 19.35 50.51 
Mean. 42.03 49 .28 50.51 


Third.—The number of grams to separate the disk from the solutions 
when 31.28 g. of each of the three materials were dissolved in 200 ce. of 


water. 
7 Sodium Copper 
Trial. Chloride. | Sulphate. 
| 
1 46 .39 | 50.35 
2 46.30 | 50.37 
See eee | 50.35 
Mean 46.345 50.356 


Sugar. 
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Fourth.—The number of grams to separate the disk from the solutions 
when 46.92 g. of each of the three materials were dissolved in 200 ce. of 


water. 
5 Sodium Copper 
al. i z Sugar. 
Trial Chloride. Sulphate. hae 
1 50.00 51.00 53.10 
2 50 .02 51.05 53.10 
3 50.01 51.07 53.50 
Mean. | 50.01 51.06 53.26 


Fifth—The number of grams to separate the disk from the solutions 
when 62.56 g. of each of the three materials were dissolved in 200 ce. of 


water. 
- Sodium Copper 
Trial. Chloride. | Sulphate. Sugar 
1 50.90 51.50 ent 
2 50.85 51.45 55.80 
3 51.05 pI 55.75 
Mean. 50.90 | 51.46 55-00 


Norr. The copper sulphate solution was a saturated solution. 


Sixth—The number of grams to separate the disk from the solutions 
when each of the three materials were saturated solutions at the normal 


temperature. 
: Sodium Copper 
a Chloride. Sulphate. eS 
it DOPODS Be iia isc\sieue aay Stee 57.00 
74 ESTE O Si sal ensue see ceeeeys ah 56.95 
3 MOOT Baleess, i Sete cretorshal exe 57.10 
Mean. 50.96 51.46 56.99 


These results for each of the three dissolved salts may be plotted 
graphically by using the number of grams concentration as abscissas and 


grams to separate the disk as ordinates. 


CoNncLusSIons.—First, the above data seem to indicate that within cer- 
tain limits the cohesion of water with dissolved salts in it is a function 
of the concentra- 
tion. 7 

Second, as far 55! 
as tested all di- 
lute solutions of 
salts in water ren- 
der the cohesion 
of the solution 4, 
less than that of 
pure water. 46.4 

Third, so far as 
tested the dilute 
strongly basie 42.5" 


salts produce a : 
greater decrease ML (SH — 31.28 Mole the Te 


in the cohesion of mies. 


the solution from that of pure water than the nonbasic salts. 

Fourth, it is also noted that before the point of saturation is reached 
in the strongly basic solutions, increased concentration does not produce 
increased cohesion. 

Tests are in progress with various other salts than the ones referred 
to above. Also tests are in progress in which other solvents than water 
are being used. 

Earlham College, 

Richmond, Ind. 
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Some Fratures oF Deutta F'orRMATION. 


By CHARLES R. DRYER. 


In August and September, 1902, the writer spent some weeks among 
the western Finger lakes in Livingston and Ontario counties, New York. 
Along the shores of Hemlock Lake his attention was attracted by many re- 
cently formed deltas which seemed to present unusual features. Each 
delta was a semi-circular pile of fine shale shingle symmetrically arranged 
around the mouth of a little gully formed by a wet weather stream. The 
level top stood about two feet above the lake surface and was bounded by 
a bank of shale which sloped downward about three feet in six to a mud 
line under water. The wash of waves had cut at the top of the slope a 
vertical cliff six inches high. The land side was bounded by a very steep 
bank of stratified shale, a por- 
tion of the general lake shore, 
which is almost everywhere pre- 
cipitous. From the mouth of 
the gully a groove a foot wide 
and six inches deep extended 
straight out half way or more 
across the top of the delta, but 
in no case reached the water’s 
edge. Along the sides of the 


groove lay sticks of wood and 


fragments of shale of relatively 
large size. One medium sized 
delta measured thirty-one feet 


, ca se F Fig. 1. Model of Torrential Delta in 
by twenty-six in diameter. No Shale Gravel. 


camera was at hand, but sketches were made from which a rough model 
was constructed and photographed. (Fig. 1.) 

The interpretation of the phenomena seemed plain. These deltas were 
built during an exceptionally violent storm which filled the gully with a 
rushing torrent and raised the level of the lake. The force of the stream 
was abruptly checked at lake level and its load was deposited in the form 
of a fan-like delta. Toward the last of the storm the stream striking the 
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flat top of the delta dug out the groove for a few feet, but was deflected 
upward and spread out into a thin sheet before reaching the edge. This 
interpretation was confirmed by the records of rainfall and lake level kept 
by the Rochester water works at the foot of the lake, which is the source 
of public supply for that city. These records are as follows: 


Date. Hours. Rainfall. Lake Level Above Datum. 
July. 5 12:30-7:00 p. m. 921 in. 1.736 ft. 
eG In the night. 2.349 “ 2.926 “ 
ae 10:00-11:00 p. m. 546“ 3.106 “ 
5858 ps ahh) ess Soe Meee ee OR Sah er 3.126 “ 
“ 18 8:00-11:00 a. m 101 “ 2.176“ 
“19 In the night. 12397" S 2.296 ** 
Siete Se 2:00-6:00 p. m. 160%) eccs aatos 
tae) In the night. .864 “ 2.546 
oe 7) 1 ia Se etinae seen ate _ 11 iew a RRO Serre 3.186 “ 

| 


These deltas were begun during the heavy rains of July 5-7, when 
3.516 inches of rain fell and the lake rose 1.39 feet, most of the work being 
done in the night of July 6, when 2.35 inches of rain fell. They were com- 
pleted July 18-20, when 2.97 inches of rain fell and the lake rose 1.01 feet. 
These miniature torrential deltas furnish suggestions for the interpreta- 
tion of similar but larger features which mark the shore lines of the tem- 
porary glacial lakes formerly occupying the Finger lake valleys. 

A similar flat-topped, steep-sided feature caught the writer’s eye on 
the east side of Honeoye Lake. Projecting from the steep hillside like a 
bracket it rose 200 feet above the lake, suggesting by its bold and sym- 
metrical outlines an artificial origin similar to that of the dump pile of a 
mine (Fig. 2). It proved to be a torrential delta built at the mouth 
of Briggs gull. Its finely curved front slope, about 150 high, is as steep 
as the material will lie. Its flat top is traversed by a channel twenty feet 
wide and three feet deep which extends to the edge and is continued by a 
similar groove in the steep face. The southern side cut away by the main 
stream shows characteristic foreset beds of sand containing large frag- 
ments of shale near the top. Briggs gull now drains a basin of about six 
square miles. A heavy rain with rapid melting of ice or a sudden diversion 
of drainage by the breaking of an ice dam in glacial times may have en- 
abled the stream to build this delta in a few days or weeks. Briggs delta 
helps to account for the anomalous distribution of glacial lake deltas. 
Similar features are numerous in the Finger lake valleys. Not their 
presence but their absence from the former mouths of many streams seems 
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the chief problem. Why do not deltas occur on all of the hundreds of 
streams that score the valley sides? Why did one stream a mile or two 


long build a delta a few rods in area while a much longer stream near by 


Fig. 2. Briggs Delta. A. From below. B. From above. 


built none? The answer seems to be that such features have no prolonged 
history, but owe their existence to a single local and brief accident of 
drainage which did not affect neighboring streams, 


[1723003] 
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" he iargest delta of this class observed in the region, at Bristol Springs 
on the west side of the Canandaigua lake valley, was built in the Naples- 
Middlesex glaeial lake at one nearly static or slowly subsiding level. The 
top, about one-half by ene-quarter of a mile in area, is smooth and gently 
sloping forward from the 1,200 to the 1,100-foot level. The surface ma- 
terial is very coarse, containing rounded cobbles up to six inches in diam- 
eter, often with little admixture of finer sediment. This delta was built 
by a stream from the Bristol valley, which during the process must have 
drained a loaded ice lobe and not a lake. 

Such simple, flat-topped. steep-sided deltas, resembling the bastion of 


a fort or an abutment prepared by a daring engineer from which to spring 


Fig, 3. Naples Delta. Two Upper Levels. A kettlehole in the woods. 


the arch of a bridge, are formed rapidly by strong or torrential streams 
and are composed of relatively coarse materials. From their striking and 
characteristic form and position they may be called bracket deltas. 
Garlinghouse delta, a few miles south of Naples, does not project like 
a bastion from the face of the valley wall but fills a niche a mile deep 
and half a mile wide, the walls of which rise sharply 500 feet above its 
surface. The niche now receives two or three insignificant brooks, but one 
of them comes from a gap in the wall which opens northward to the upper 
Honeoye valley. This gap probably once transmitted a strong stream from 
the ice front but a few miles distant. This delta may be the only one of 


its kind, and if so, belongs in a class by itself—that of niche deltas, 
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Compound deltas built at several different levels are numerous in the 
Finger lake region. Coy Glen delta near Ithaca, a fine specimen of the 
type, rises from the Cayuga valley to a height of 700 feet like a giant stair- 
case of seven steep, convex risers and as many flat treads, each of which 
has been evenly bisected by the stream. Such deltas are formed in waters 
the level of which is alternately standing and falling, the upper step being 
the oldest. They may be distinguished as step deltas. 

The delta above Naples rises 400 feet and has a basal periphery of 
more than two miles. (Fig. 8). Seven levels are distinguishable, of which 


the upper three are the most conspicuous. The greater part of its mass 


rl = ¢ 


Fig. 4. Pitted Surface of Morainal Delta. 


was brought by a stream which flowed out of the Honeoye valley from the 
west and was the outlet of the glacial Honeoye Lake. Streams which flow 
out of lakes cannot, as a rule, have sufficient load to build large deltas, 
and the question at once arises, how could the outlet of a lake build one 
in this case? Its construction was not a matter of a brief period but con- 
tinued through the whole iife history of the Naples-Middlesex glacial lake, 
into which the stream emptied. The presence of this delta is evidence, 
so far as it goes, that during that period no lake existed in the Honeoye 
valley. The area of the land which could have been drained to this delta 
is insignificant, and we are apparently forced to the conclusion that it was 
built by drainage from a drift-loaded ice mass. This inference is sustained 
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by the occurrence upon the highest level of a sharp kettle hole 300 feet in 
diameter and 25 feet deep, marking the place where a detached ice block 
stranded and melted. 

The occurrence of kettle holes in deltas is not uncommon.t A remark- 
able case of this kind has been described by the writer where an area of 
ten acres of delta surface is thickly pitted with small kettles. (Fig. 4.) 
This delta is the joint product of a land stream and a valley glacier which 
contributed ice blocks and an undetermined portion of the permanent ma- 
terial. There are probably many intermediate forms between such a 


morainal delta and one due whelly to stream work. 


ichcoe or 
RTL WL 


Fig.5. Outer Face of Morainal Delta. Fan in front of notch. 


When lake waters are withdrawn the bisection of a delta may result in 
the formation of an alluvial fan in front of it. This gives a characteristic 
combination of notched delta and fan. (ig. 5). The fan of Mill Creek at 
the foot of Honeoye Lake is a mile in diameter, and is responsible for the 
existence of the lake, to which it acts as a dam. The fan of Canadice out- 
let bears a similar relation to Hemlock Lake, which, however, is too deep 
to owe its existence wholly to that cause. 

Deltas occasionally take the form of long, narrow ridges upon one or 
both sides of a stream, resembling the natural levees in “the goosefoot”’ 


‘Fairchild, Journal of Geology, Vol. 6, p. 589. 
? Bulletin Geological Society of America, Vol. 15, p. 457. 
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of the Mississippi. Normally the point where a tributary valley joins a 
larger one is marked by a notch in the wall of the latter, but in some cases 
a bisected spur appears instead. The delta of Canadice outlet, mentioned 
above, furnishes a good example. A delta at Lake Warren level, near 
Hast Bloomfield, what is left of it, has the form of a single narrow tongue 
more than a half mile long. Such lateral deposits of a stream may be 
called levee deltas. 

Hanging deltas have been the chief guides to geologists in mapping 
the outline of temporary glacial lakes, but they are worthy of more careful 
study as simple and well displayed specimens of constructional shore 
forms.® 


State Normal School, 
Terre Haute, Ind. 
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8 Nearly all the features mentioned in this paper may be found upon the Way- 
land, Naples, Honeoye and Canandaigua sheets of the Topographic Map of United 
States. 


263 


A PuystoGraPHic Survey oF AN AREA Near TrErre Hautes, 
INDIANA. 


By Cuas. R. Dryer and MELVIN K. DAVIs. 


The Survey.—iIn the summer of 1909 the senior author of this paper, 
in despair of living long enough to receive any help from the U. S. Geo- 
logical Survey or from the State of Indiana, resolved to try what might 
be done by his own students toward a serviceable topographic survey of 
the area around Terre Haute. Four young men and two young women 
were ambitious enough to undertake the work. For a base map the atlas 
of Vigo county was used and found to be very poor, in fact a disgrace to 
the surveyor, the draughtsman, the printer and the whole community con- 
cerned. We simply made the best of it. The profiles of three railroad lines 
traversing the region were obtained, and other base lines and points were 
determined with a surveyor’s level. Most of the topographic work was 
done with the hand level and staff. It was found possible to require that 
no discrepancy between different lines of levels should exceed one foot. 
Highways and divides were followed and section and other cross-country 
lines were run wherever necessary. About two days a week for six weeks 
were spent in the field, and the result was found to be worth while. While 
surveying was being done the location of particular features was noted 
in order that no time would be lost when their special study should come. 
The map drawn by the junior author of this paper from the data thus se- 
cured has proved adequate for the purpose in view. 

General Description.—The area surveyed is immediately west of Terre 
Haute and comprises about 25 square miles in Sugar Creek township, 
Vigo county, Indiana. It is bounded on the east by the Wabash river 
and includes a portion of its flood plain. West of the Wabash bluffs, here 
eighty to one hundred feet high, the area consists of an originally smooth 
upland of glacial drift 540 to 560 feet above sea level, which has been sub- 
maturely dissected by the branches of Sugar creek. The remnants of the 
original surface have been reduced to the scrap-tin outline characteristic 
of the leaves of the pin oak. The larger valleys are flat bottomed and 
contain alluvial filling to a depth of 40 or more feet. The drilling of a 
well at Vandalia mine No. 81, section 24, showed the deposit to be 40 feet 
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deep. The slopes of valley sides are generally steep and the ravines of 
the ultimate tributaries are exceedingly narrow and sharp. ‘The depth of 
the glacial drift is generally from 40 to 60 feet, and the streams only here 
and there touch bed rock. 

Many beds of recent conglomerate appear along west Little Sugar 
creek. The principal valleys are preglacial, with a base level determined 
by the level of the preglacial Wabash, which was 60 or 70 feet lower than 
the present river. These valleys were filled with drift which the post- 
glacial streams have scarcely half removed. The drainage has developed 
by headward erosion into an intricate, dendritic system of insequent 
branches which penetrate to nearly every acre of the area. Judging from 
the position of large trees there is reason to believe that the lines of drain- 
age were well defined before vegetation sprang up. 

Stratigraphy.—The underlying bed rocks of the area are the shales 
of the coal measures with several workable seams of coal, the uppermost 
of which outcrops along the foot of the Wabash bluffs. The shales above 
the coal form about one-half the height of the bluffs. The upper half 
consists of glacial drift. Intercalated with the shales are several thin 
strata of limestone, two of which exercise a notable influence upon the 
topography. Below the 500-foot level a tough, flinty limestone four or five 
feet thick has resisted river erosion to such an extent as to form a terrace 
between the Wabash flood plain and bluff, in some places 500 feet wide 
and 20 feet above the plain. We call it the flinty limestone. <A similar- 
but less silicious limestone lies about thirty feet higher. In section 31 
the waters of the Sugar creek system have cut a gap in these strata and 
reach the Wabash at grade. 

The glacial drift belongs to the Illinoian drift sheet of Leverett and 
lies just outside the border of the Shelbyville moraine. The mass of it 
consists of a tough boulder clay, weathering on exposed faces into roughly 
hexagonal columns and containing numerous striated and faceted boulders 
of moderate size. Large boulders are rare. In some places the till is one- 
half fine gravel. There are occasional thin partings of sand. In a rail- 
road cut about one mile to the north of the area surveyed buried logs of 
wood up to nine inches in diameter are numerous along a level horizon, 
but no difference can be discovered between the overlying and the under- 
iying till. In the south bluff of Sugar creek beds of laminated silt are 
intercalated in the till and point to the occurrence of an interglacial in- 


terval of notable extent. The upper four or fiye feet of drift often con- 


TOPOGRAPHIO MAP 
SUGAR Or Tp.,VigoOo,,Ind. | 
Drawn by. E. Davis, 1909 } 
Scale, One-Haif Mile 
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sist of a deep red, pebbleless and structureless loam, the origin of which 
is an unsolved problem. The red loam, even upon moderate slopes, gullies 
‘apidly and has greatly facilitated the dissection of the region. 

The Wabash Plain, two miles in width, presents the usual flood plain 
features of levees and bayous. At one point, S. W. 4 of S. E. 4 of sec- 
tion 8, shale outcrops in the midst of the alluvium. Before the valley was 
filled this was an island in the river with deep water all around it. The 
valley filling in some places is SO feet deep, and consists of sand and gravel 
carried into the valley by water and floating ice. At a railroad gravel pit 
in section 36 twenty-five feet of fine gravel is exposed, with an occasional 
stratum containing enough clay to resist rain wash and cause the forma- 
tion of earth pillars two or three feet high. A terrace of coarse, roughly 
stratified gravel formerly occupied an area about one mile by one-half 
opposite the city of Terre Haute and was an island at high water. The 
town of West Terre Haute stands upon the southern half of it. The north- 
ern half has been entirely removed by the railroad companies and exca- 
vated to the level of low water in the river. The remaining surface is 
from 15 to 25 feet above the plain. 

The Sugar Creek Drainage System presents several peculiar features 
and furnishes some of the most interesting problems of the area. The 
small tributaries of the Wabash are usually of the parallel type, not com- 
bining into systems, the main streams flowing nearly at right angles to 
the Wabash. The Sugar creek system is fan-shaped, consisting of four 
principal streams which converge southward and eastward to a junction 
and pass out through a single gap upon the Wabash plain. East Little 
Sugar creek flows southward seven miles parallel with the Wabash river 
and about one mile west of the bluff. In sections 25 and 26 a nameless 
stream flows about one mile eastward, turns northward one-half mile and 
again eastward, both bends being right angles. This seems to be due to 
harder material in the stream’s course. 

Sugar Creek Lake—At the western border of the area surveyed the 
valley of Sugar creek widens abruptly from less than one-half mile to about 
a mile. Two miles below it narrows abruptly and flows for a mile through 
a gorge twenty to forty rods wide. The expansion and the narrows pre- 
sent each its own but related problem. 

The expanded portion of the valley. about one miie by two, is bounded 
on the south by a boulder clay bluff sixty feet high: on the north by lower 
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and gentler slopes and is invaded near the east end by a flat spur project- 
ing like a dam from the north side nearly to the bluff on the south. Near 
the south end of the dam the stream has cut a narrow gap thirty feet deep. 
The lower ten feet exposed in the gap is shale with a thin cap of flinty 
limestone. The upper twenty feet of the dam is glacial clay with the ex- 
ception of a little poorly stratified gravel and sand at the south end of the 
dam near the creek. These features present on their face the charac- 
teristics of a drift-dammed lake drained by the down cutting of its outlet. 
The supposed lake bottom is underlaid, so far as discoverable, by six feet 
of alluvium on top of the flinty limestone. The flat-topped dam appears 
to be a terrace and is accordant in level with other terrace fragments in 
the valley of West Little Sugar creek above. In the south bluff the 
boulder clay is interrupted for a few rods by ten feet of finely laminated 
lacustrine silts, the bottom of which is at about the same level as the ter- 
race tops. 

Various hypotheses may be entertained; (1) The expansion of the 
valley is due to the lateral corrasion and shifting of the preglacial stream 
over the surface of the resistent flinty limestone. The whole valley was 
filled with glacial clay. The interglacial stream had a temporary base 
level fifty feet higher than at present and cleaned out the filling down to 
the terrace level (510 feet above the sea). During this process a tribu- 
tary stream from the south cut a valley out of the boulder clay down to 
the terrace level, which was afterward filled with silt. By a lowering of 
the base level in the Wabash the stream was enabled to cut down the dam 
and to clear out the valley to the present level, draining the lake and leay- , 
ing fragments of the valley filling as terraces. 

(2) The preglacial and interglacial course of the stream was north- 
eastward into the valley of East Little Sugar Creek. A readvance of the 
ice left a till dam across the former course and the portion of the present 
valley through the narrows is entirely postglacial. The complete sequence 
of events is not so clear as could be wished. 

(3 The resistance of the two limestone strata which outcrop along 
the Wabash bluff and over a belt about two miles wide, west of the bluff, 
may account for the southward course of Hast Little Sugar Creek, for 
the narrows of the lower end of the valley and for the single gap in the 
bluff through which the waters of the system escape to the Wabash plain. 


Period of Ravine Cutting.—The valley slopes of the ultimate tribu- 
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taries are so steep and the ravines are so narrow and sharp as to prevent 
cultivation and they are in most places forested. The frequent occurrence 
of large trees, one hundred to two hundred years old, in the bottom of the 
ravines, indicates that the present rate of downward corrasion is very 
slow, and that possibly the dissection of the region in the drift area was 
mostly accomplished during the period of ice melting and the succeeding 
period of bare ground, before the surface was covered with vegetation. 

Culture.—The alluvial lands in the valleys are chiefly occupied by corn 
fields. The broken upland areas between the ravines are inconvenient for 
farming but many of the small fields produce good corn, oats and hay, 
especially hay. The only way by which cuts, fills, and bridges can be 
avoided in road building is to run the roads on the narrow divides between 
the heads of ravines. Coal mines are numerous. Along the front of the 
Wabash bluffs shale and coal are accessible near the surface and four 
large brick and tile factories have been established. The new industries 
have multiplied the population of West Terre Haute by five in ten years, 
and have caused three considerable villages to spring up from nothing in 
the same time. 


State Normal School, 
Terre Haute, Ind. 
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CoLLEcTING AREA OF THE WATERS OF THE Hort Sprines, Hor 
Sprines, ARKANSAS.! 


By A. H. PURDUE. 


Introduction.—The conclusions in this paper were reached in the course 
of field work on the structure and stratigraphy of the area about Hot 
Springs during the summer of 1909. The paper is written with the as- 
tion is made partly because geologists in general have come to think of 
most of the ground water as having such origin, and partly because the 
sumption that the waters of the hot springs are meteoric. This assump- 
recent studies of Mr. Walter Harvey Weed upon the waters of these springs 
clearly indicate that they are meteoric.’ 

Topography of the Highlands of Arkansas. 


The highlands of Arkan- 
sas and the eastern part of Oklahoma are divided into a northern and a 


southern part, separated by the valley of the Arkansas River. The north- 
ern division consists of the Boston Mountains, which are a dissected pla- 
teau, reaching the height of somewhat more than 2,200 feet above sea level, 
and a much lower area to the north of them. The southern division con- 
sists of the Ouachita Mountains, which cover an area about 60 miles in 
width. These mountains consist of ridges, the direction of which is in the 
main east and west and some of which surpass 2,000 feet in height. 
Topography of the Area About the Hot Springs.—The topography in 
the vicinity of the, hot springs is indicated by the accompanying relief 
map (Fig. 1). The springs (indicated by the cross) emerge from the 
western end of Hot Springs Mountain, which is known as Indian Moun- 
tain east of West Branch of Gulpha Creek. Immediately north of Hot 
Springs Mountain is North Mountain, which continues west of Hot Springs 
Creek as West Mountain. Three miles west of the springs West Mountain 
swings around in a horseshoe curve and extends northeastward, and is 
known as Sugarloaf Mountain. Hot Springs Creek, a considerable stream, 
flowing southward, carries off the overflow from the hot springs and the 
drainage of a portion of the valley just south of Sugarloaf Mountain. 


1 By permission of the Chief Geologist, U. S. Geol. Sury. 
*The hot springs of Arkansas. Senate Document No. 282, p. 90, Washington, 
D. C., 1902. Prepared under the supervision of the Secretary of the Interior. 
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This valley is from a mile to a mile and a quarter in width. About 
two miles northeast of the hot springs, where West Branch of Gulpha 
Creek cuts through North Mountain, is a limited area with an elevation 
of about 620 feet. The greater part of the surface, however, stands above 
the 700-foot contour, and the highest hills exceed SOO feet. The highest 
elevation at which any of the springs emerge is about 640 feet. 


Fig. 1. Relief Map of the Hot Springs Area. 


Stratigraphy of the Area About the Hot Springs.—The surface rocks 


about the hot springs are shown in the following section :* 

8 With the exception of the Stanley shale and the Hot Springs sandstone, these 
names were first applied to the formations as they appear in Montgomery County, 
Arkansas. 


Carboniferous— 
Sia yesh e. menren or, Sion ky shock 5. Sroka hor, 3,900 feet. 
Hot Oprings sandstone. --,\. ah ae noses 323 fton ae 100) >< 
Age unknown— 
AT CANSASBNOVACU TUG Hert tity eas See Se bs Seedy 3880 ‘5 
Missouri vMiountain slate: aus. eee eee oe bom 
Ordovician— 
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The Bigfork chert is in layers from two to twelve inches thick. 
Throughout a good portion of the formation it consists almost entirely of 
chert, but in parts the layers are separated by thin beds of shale, and in 
other parts shale is the main constituent. The chert is very brittle and 
intensely fractured from the folding it has suffered. 

The Polk Creek shale overlies the Bigfork chert, and is a very black, 
somewhat silicious shale, though soft enough from its graphitic nature to 
soil the fingers in handling. The upper part contains a few thin silicious 
beds, but the lower part is wholly shale. 

The Missouri Mountain slate as it occurs in the vicinity of the hot 
springs is a red to brown or yellow shale, depending upon the stage of 
weathering. Further west in the Ouachita area it is a true slate. 

The Arkansas noyaculite as it is exposed in the city of the hot springs 
consists of three parts: A lower, massive one 275 feet thick, made up of 
heavy beds of much fractured novaculite. It is from this part of the for- 
mation that the Arkansas abrasives are secured. This is followed by 
fifty-five feet of very black clay shale, weathering in places to light gray; 
and this by fifty feet of what appears to be rotten, porous novaculite. 
The section of the novaculite formation over the Ouachita area varies 
greatly with the locality. 

The Hot Springs sandstone* is a gray, quartzitic sandstone in beds 
from three to eight feet thick. The basal ten feet or more is conglomeratic. 
It is from this formation that most of the hot springs issue, which fact, 
however, is accidental and consequently not significant. 

The Stanley shale is composed mainly of black to green clay shale, 
though a large per cent of it consists of rather soft, greenish sandstone. 
This shale skirts Hot Springs and West Mountains. While a large part 


+ This name has not been used before in Arkansas. 
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of the city of Hot Springs stands on this formation, only the waters of 
those springs that issue at the lowest levels move through it. 

Structure and Rocks of the Highland Area.—The general structure of 
the highland area is that of a broad syncline with its trough in the Ar- 
kansas Valley. The rocks of the Boston Mountains and the area to their 
north lie for the most part horizontal, but in the south half of the Boston 
Mountains they dip perceptibly to the south, passing in the Arkansas Val- 
ley under several thousand feet of younger rocks. 

The general structure of the Ouachita area is that of an anticlinorium 
dipping southward under the mesozoic and tertiary rocks, and northward 
beneath the Arkansas Valley. The rocks fer the most part are intensely 
folded, to which, with erosion, is due the narrow valleys and parallel 
ridges of the area. The hot springs are located in the eastern part of 
this area. 

The folds in the main have an east-west direction, but at Hot Springs 
and for some distance to the west their direction is northeast-southwest. 
The individual folds are as a rule not continuous for great distances, but 
are short and overlap each other laterally. Thrust faults, approximately 
parallel to the strike and of many hundred feet displacement, are com- 
mon in the Ouachita Mountains and the Arkansas Valley. 

Structure of the Area About the Hot Springs.—Like the remainder of 
the Ouachita region, the area about the hot springs is intensely folded. 
The folds are closely compressed and are all overturned to the south. As 
a result the dips are to the north. Some of these are as low as 15 de- 
grees, and they seldom exceed 60 degrees. This means that at the points 
of greatest overturning the rock layers lie literally upside down, and in 
folding have described an arc of 165 degrees. 

Possibilities of Ground-Water Flowage—While the altitude of the 
Boston Mountains is sufficient to give the ground-water enough head for 
it to emerge at the height and distance of the hot springs, the intervening 
structure makes such impossible. The closely compressed folds, overlap- 
ping, and faulting of the Ouachita area are such as to prevent the unin- 
terrupted movement of ground-water except for short distances. Likewise 
the stratigraphy, structure and topography to the south of the hot springs 
eliminate that area as a possible source of the water; and the same is 
true of the highlands of central and eastern Kentucky. Tennessee and 


Alabama and the intervening area. 
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The Collecting Arvea—It follows from the above that the collecting 
area must be in the near vicinity of the springs, and a study of the 
topography, stratigraphy and structure thereabout locates it with reason- 
able certainty. A glance at the section (Fig. 2) from Sugarloaf Mountain 
southeastward through Hot Springs Mountain will indicate the collecting 
area. The surface of the overturned, anticlinal valley between Sugar- 
lonf and North Mountains is higher than the level of emergence of the 
springs. The rocks outcropping over the area are the Bigfork chert and 
the Polk Creek shale, the former occupying most of the area. 

The considerable thickness of the Bigfork chert, its much fractured 
pature and the thin layers of which it is composed, all combine to make 
it a water-bearing formation of unusual importance. The greater num- 
ber of the fine springs in the Ouachita area between Hot Springs and the 
western border of the state come from this horizon. In many places this 
formation occurs in anticlinal valleys with its highly inclinal beds trun- 
cated, affording the most favorable condition for the intake of water. <A 
glance at figure 2 will show that these conditions obtain in the area _ be- 
tween North Mountain and Sugarloaf Mountain. In addition to the favor- 
able structure for the reception of water there is the stratigraphic condi- 
tion for its retention brought about by the overlying Polk Creek shale. As 
a consequence of the topography, structure and stratigraphy the water is 
collected in the basin shown in the map (Fig. 1), conducted through the 
Bigfork chert beneath the North Mountain syncline, and rises in the Hot 
Springs anticline, at the western end of which it emerges in the hot springs. 
including several of very weak flow, there are said to be seventy-two of 
these springs, and they are confined to a narrow strip about a quarter of a 
mile long. 

The exact location of the springs is attributable to the southwestern 
plunge of the Hot Springs anticline, and as has been stated by Mr. Walter 
Ilarvey Weed probably to fracturing and possible slight faulting in the 
process of folding, as shown in figure 3. 

While not relevant to the title of the paper, it might be added that 
the considerable number of dikes in the immediate vicinity of the hot 
springs, the large number (eighty are known) only a few miles to the 
south on and near the Ouachita River, and the areas of igneous rock at 


Potash Sulphur Spring, Magnet Cove and other places. force the sugges- 
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tion upon one that the waters of the springs owe their temperature to 
passing over hot rocks or the vapor from such in some part of their under- 
ground course.® The fact that these are practically’ the only hot springs 
within the Ouachita area, though there are scores of cold springs issuing 
from the same formations and under practically the same geologic rela- 
tions, gives this suggestion great weight; but inasmuch as some of the 
springs are said to be unusually radio-active, there is the alternative sug- 
gestion that atomic decomposition in igneous rocks (which may have lost 
their magmatic heat) is the source of the high temperature of the water. 

Fayetteville, Ark. 

6 Dr. J. C. Branner has already called attention to this as the probable source of the heat. 
See Geol. Surv. of Ark., Report on Mineral Waters, pp. 9 and 10. 

7 Recently a spring, said to have a temperature of 98° to 100° F., has been discovered 


issuing from the Arkansas novaculite in the bed of the Caddo River, at Caddo Gap, Mont- 
~omery County. 
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Wuere Do rHe Lance Creek (‘‘Crrarops’’) Brps BELone, 
IN THE CRETACEOUS OR IN THE TERTIARY? 


By OLIveR P. Hay. 
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HisToricaAL RESUME. 


Ever since the beginning of our knowledge of the geology of the West- 
ern plains and the Rocky Mountains there have existed contentions re- 
garding the various deposits to which the names Laramie and Fort Union 
have been applied. ‘These contentions have concerned the grouping of the 
various beds, the geological horizons to which the deposits of different 
basins and of different levels should be referred, and the members to 
which the names Laramie and Fort Union respectively should be re- 
stricted. Up to about the year 1896 certain deposits in the Judith River 
basin and others in Montana, Wyoming, Colorado and New Mexico were 
all regarded as the products of a single geological epoch and were all 
‘alled Laramie. Although as early as 1860, or even earlier, some geolo- 
gists, especially Dr. F. VY. Hayden and Professor Leo Lesquereux, basing 
their opinion on the fossil plants, held that all or the greater part of the 
deposits in question belonged to the Tertiary, the prevailing opinion up to 
1896 was that the Laramie, taking the term in its widest sense, was the 
uppermost portion of the Cretaceous. It may be said, however, that Pro- 
fessor Cope in his great work “The Vertebrata of the Tertiary Forma- 
tions of the West” referred the Laramie, as well as the overlying Puerco 
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(including what is how known as the Torrejon), to the “Post-Cretaceous,”’ 
a group holding a position between the Cretaceous and the Tertiary. He 
had previously assigned the Puerco to the Eocene. However, in 1887 
(Amer. Naturalist, xxi, pp. 446, 450) he transferred this ‘‘Post-Cretacic 
System” to what he called the Mesozoic realm. In the year 1896 Messrs. 
S. F. Emmons, Whitman Cross and G. H. Eldridge published their “Geol- 
ogy of the Denver Basin,” in which the previously so-called Laramie in 
the region of Denver, Colorado, was shown to consist of three distinct for- 
mations. The name Laramie was by them restricted to the lowest mem- 
ber of these, the succeeding formations being called respectively the Arapa- 
hoe and the Denver. The last two had, however, already been recognized, 
named and published by Eldridge and Cross as early as 1888. 

Although the authors of the Geology of the Denver Basin referred to 
the Upper Cretaceous the three formations mentioned, Whitman Cross 
(op. cit., p. 206, seq.) makes a strong argument in favor of including the 
Arapahoe and the Denver in the Tertiary. His plea was based especially 
on the existence of a great stratigraphical break between the lower and 
the middle of the three formations and on the evidence furnished by the 
fossil plants. Certain deposits in Middle Park, Colorado; others near 
Canyon, Colorado; others in the If{uerfano basin; certain ones along the 
Animas River; still others in New Mexico, beneath the Puerco; and the 
so-called “Ceratops” beds of Wyoming were all provisionally correlated 
with one or other of the formations in the Denver basin. 

It is interesting, therefore, to observe that about 1887 and 1888, while 
Cope was endeavoring to raise the boundary between the Mesozoic and the 
Cenozoic to a position above what is now known as the Torrejon, Cross 
was trying to depress it to the parting between the Arapahoe and the for- 
ination below it. 

It was thought by Cross that the beds of the Judith River valley might 
be the equivalent of the Arapahoe beds; but it has since been conclusively 
shown by Stanton and Hatcher that, instead of being younger than the 
deposits called by Cross the Laramie, the Judith beds are older than the 
Fox Hills, older than the upper part of the Pierre. 

Within the past two years the discussion of the subjects named above 
has again broken into flame and a number of papers have appeared, all 


presenting most instructive facts and suggestions, but very diverse con- 
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clusions... Whether the name Laramie shall be restricted to the lower of 
the three divisions found in the Denver basin and its equivalents eise- 
where, as proposed by Cross and Eldridge, Knowlton and Peale; ‘or to 
one or both of the upper divisions, as advocated by Veatch; or retained 
to designate all the formations between the Fox Hills and the Fort Union; 
or wholly abandoned, is yet to be settled; and with this I have nothing to 
do. It is the purpose of the present paper to show that those deposits that 
lie above the Fox Hills and are known to contain remains of dinosaurs; 
more specifically the Laramie, as understood by Cross and Hldridge; the 
Arapahoe and the Denver of Colorado; the Lance Creek, or ‘“Ceratops,” 
beds of Converse County, Wyoming; the Hell Creek beds of Montana; 
and the beds underlying the Puerco in New Mexico, ought not to be re- 
ferred to the Tertiary, but to be retained in the Upper Cretaceous. 


2. NECESSITY FOR ACCURATE CORRELATION OF THE PRIMARY DIVISIONS OF 
THE GEOLOGICAL COLUMN IN THE DIFFERENT CONTINENTS. 


It appears to the writer that it is a matter of great importance that 
the primary divisions of geological time, the ages and the periods, and the 
corresponding systems of rocks of all parts of the world should as far as 
possible coincide. By this is meant that geologists should not (to employ 
an illustration) include in the Lower Cretaceous any deposits of one con- 
tinent that were being formed synchronously with Jurassic deposits of 
another continent. Nor ought they to include in the Tertiary of America 
any formations that are the time equivalents of European Cretaceous for- 
mations. It may be a matter of great difficulty to attain agreement in 
some cases, but it ought to be resolutely striven after. And in this con- 
nection the writer indorses fully the quotation made by Mr. Cross (Proc. 
Wash. Acad. Sci., xi, p. 46) from Dr. C. A. White’s address. It may be 
added that modification of the primary divisions ought to be made by in- 
ternational bodies of geologists and paleontologists. 

The reasons why the primary divisions of geological history should be 
fixed as accurately as possible, even though arbitrarily, seem to be simple 


enough. Geology is the history of the development of the earth and its 
1 Veatch, A. C., Amer. Jour. Sci. (4), xxiv, 1907, pp. 18-22. 
Cross, Whitman, Proc. Washington Acad. Sci., xi, 1909, pp. 27-45. 
Knowlton, I’. H., Washington Acad. Sci., xi, 1909, pp. 179-238 
Stanton, T. W., Washington Acad. Sci.. xi, 1909, pp. 239-293. 
Peale, A. C., Amer. Jour. Sci. (4), xxviii, pp. 45 58. 
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inhabitants. For sufficient reasons we divide this history into principal 
and subordinate portions, each having its own characteristics. Hach con- 
tinent has had its own course of development, physical and biological, this 
course sometimes agreeing only in a general way with that of other conti- 
nents, being perhaps ahead of them or behind them, possibly sometimes 
only different. In order to compare and describe contemporary conditions 
in different lands there must be a few fixed dates from which to reckon 
the march of time and progress. These dates are found in the limits be- 
tween the primary divisions, as that between the Silurian and the De- 
vyonian or that between the Cretaceous and the Tertiary. In a similar 
way we orient the history of even a savage people with reference to such 


dates as the founding of Rome and the birth of Christ. 


3. THe PRIMARY DIVISIONS OF GEOLOGICAL TIME ARE Nor USuALLY INDI- 


CATED BY GREAT UNCONFORMITIES. 


Inasmuch as those geologists and paleontologists who favor the refer- 
ence of the Arapahoe and the Denver beds of Colorado, the Lance Creek 
beds of Wyoming and the Hell Creek beds of Montana to the Eocene, give 
as their principal reason therefor the existence.of a great unconformity 
between the Arapahoe and the formation immediately below it, while there 
appears to be no similar unconformity below the Fort Union, it may be 
worth while to examine the adequacy of the reason. I believe that it is 
fallacious. 

It is possible that, as Chamberlin and Salisbury suggest in their gen- 
eral work on geology (Geology, iii, p. 192), there is a natural basis for the 
larger divisions of geological history: that this basis is to be found in 
the profounder changes in the earth’s crust; and that this basis is of 
world-wide application. This suggestion may be accepted as valuable 
without its arousing the expectation that a great stratigraphical break 
will be discovered everywhere between each great rock system and its 
predecessor and its successor. As a inatter of fact, as geological history 
is now understood and now divided, such breaks are not commonly found. 
I will quote from Geikie’s Text-book of Geology, ed. 4, 1905, p. 1081: 

Though no geologist now admits the abrupt lines of division which 
were at one time believed to mark off the limits of geological systems and 
to bear witness to the great terrestial revolutions by which these systems 


were supposed to have been terminated, nevertheless the influence of the 
ideas which gave life to these banished beliefs is by no means extinct. 
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On page 981 the author quoted, in speaking of the Old Red Sandstone, 
says: 

x * * in innumerable sections where the lowest strata of the sys- 
jem are found graduating downward into the top of the Ludlow group; 


and where its highest beds are seen to pass up into the base of the Car- 
boniferous system. 


On page 982 one reads as follows: 


The rocks termed Lower Devonian may partly represent some of the 
later phases of Silurian life. On the other hand, the upper parts of the 
Devonian system might in several respects be claimed as fairly belonging 
to the Carboniferous system above. 

As to the relation of the Lewer Carboniferous to the Devonian, Geikie 
(Text-book, p. 1014) says: 

Both in Hurope and America it may be seen passing down conform- 
ably into the Devonian and the Old Red Sandstone. So insensible indeed 
is the gradation in many consecutive sections where the two systems join 
sach other that no sharp line can be drawn between them. The strati- 
graphical passage is likewise frequently associated with a corresponding 
commingling of organic remains. 

Chamberlin and Salisbury (Geology, ii, p. 499) tell us that the transi- 
tion from the Devonian to the Mississippian seems to have been accom- 
plished without netable deformative movement. Also (p. 518) it is stated 
that the Devonian fauna passed by graduation into the Mississippian. 

There exists in many places the same doubt regarding the boundary 
line between the Carboniferous and the Permian. Geikie (Text-book, p. 
1064) states that in the Midlands and the west of England no satisfactory 
line can be drawn between the two systems; (p. 1065) that the flora of 
the older Permian rocks presents many points of resemblance to that of 
the Carboniferous; (p. 1063) that in North America no good line of sub- 
division exists between Permian and Carboniferous; so certain deposits 
are called Permo-Carboniferous; (p. 1077) that in Russia the Permian 
attains an enormous development, the horizontal strata nearly lying con- 
formably on the Carboniferous. 

Of the Permian of North America Chamberlin and Salisbury write 
(Geology, ii, p. 620): 

The upper Barren Measures are commonly separated from the Penn- 


Sylvanian on the basis of the plant species rather than because of any 
stratigraphic break at their base. 
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The Artinskian of Russia is placed in the Permian by Lapparent and 
Geikie, but in the Carbonifercus by Tschernyschew, a distinguished Rus- 
sian geologist. 

Similar difficulties are encountered in various parts of the world by 
geologists when they attempt to draw the line between the Paleozoic and 
the Mesozoic systems. Chamberlin and Salisbury (Geology, ii, p. 631) 
have this to say: 

The Permian system of Europe seems to be more closely allied, strati- 
graphically, with the Trias than with the Carboniferous, and while the 


same is true of the western part of America, the opposite is true for the 
eastern part. 


We have the statement of Geikie (Text-book, p. 1084) that in some 
regions, as in England, no very satisfactory line of demarcation can al- 
ways be drawn between Permian and Triassic rocks. 

Nor are geologists free from embarrassments when they endeavor to 
classify the Mesozoic and the Tertiary formations. The Rheetice is ar- 
ranged by Geikie in the Triassic, by Lapparent in the Jurassic. Clark and 
3ibbins express doubt regarding the position of the two lower divisions of 
the Potomac formation of the eastern United States. They refer them 
provisionally to the Jurassic; the other two divisions are unhesitatingly 
placed in the Lower Cretaceous. According to Chamberlin and Salisbury, 
the fossils of the Trinity division of the Comanchean system have raised 
the question of its reference to the Jurassic. An indefinite number of 
similar cases could be cited. 

The illustrations presented show that the great divisions of geological 
record are not even commonly separated by physical breaks, great or 
small. It would be quite as easy to show that important unconformities 
occur within the limits of systems of rocks. A few cases only need be 
cited. The following is quoted from Geikie (Text-book, p. 1007) : 

The Old Red Sandstone of Britain, according to the author’s re- 
searches, consists of two subdivisions, the lower of which passes down 
conformably into the Upper Silurian deposits, the upper shading off in 
the same manner into the base of the Carboniferous system, while they are 
separated from each other by an unconformability. * * * [In Scot- 
land] it consists of two well-marked groups of strata, separated from each 


other by a strong unconformability and a complete break in the succes- 
sion of organic remains. 
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Geikie states further (p. 1146) that a considerable stratigraphical and 
paleontological break is to be remarked at the line between the Portlandian 
and the Purbeckian. Chamberlin and Salisbury (Geology, ii, p. 639) tell 
us that the close of the Paleozoic was marked by much more considerable 
geographic changes than the close of any pericd since the Algonkian. 
The statement is qualified by the remark that these changes may be said 
to have been in progress during the Permian rather than to have occurred 
at its close. 


e 


4, THE PRINCIPAL DIVISIONS OF GEOLOGICAL History ARE BASED ON Fossin 


ORGANISMS. 


It may therefore be confidently affirmed that the primary divisions 
of geological history, as this history is now understood, are not based on 
unconformities and deformations, great or small, between the successive 
formations, but they are based on the history of the plants and animals 
whose remains have become entombed in the rocks. I will here quote 
from Lapparent (Traité de Géologie, ed. 5, p. 717): 

Il résulte de ces diverses considérations que les seules ressources de la 
stratigraphie, si précieuses et si indispensables qu’elles puissent @tre, sont 
insuffisantes pour l’établissement des grandes divisions de la géologie. I] 
faut done recourir a quelqu’argument d’une portée plus générale. Cet 
argument, nous allons le trouver dans la considération des faunes et des 
flores fossiles. 


It must not be supposed that the writer wishes to underestimate the 
value to the geologist of changes in the materials that constitute suc- 
cessive beds, of deformations of surfaces, or of unconformities, erosional! 
and angular. All these indicate the physical changes that the earth was 
undergoing and mark the subordinate and more or less local divisions of 
geological history. Naturally the geologist in the field searches for such 
interruptions in the course of deposition and, following a bent very hua- 
man, he may come to attach somewhat undue importance to them. In 
any case, however, final recourse must be had to the fossils enclosed in 
the rocks. Fossils are, to use a figure, the sands that, from the hour- 
glass of the universe, have in an uninterrupted stream dropped into the 
successive strata to mark the passage of time. Local interruptions of 
sedimentation enable us to note the changes undergone by the organisms 
that then existed; but whether there were breaks in deposition or not, the 
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evolution of the organisms went steadily on. The smaller divisions of 
time are marked by the less important changes that the animals and plants 
suffered; while the primary divisions are signalized by the profounder 
modifications of the living beings. These primary divisions are often in- 
dicated by such phrases as the age of mollusks, the age of fishes, and the 
age of mammals. As there were no universal cataclysms that character- 
ized the terminations of the ages and the eras, so there were no sudden 
changes in the nature of the animals and the plants. The boundaries be- 
tween the successive ages and the successive eras must therefore be more 
or less arbitrarily drawn. If one era is characterized by numerous 
powerful reptiles and a few inconspicuous mammals, while the next er: 
presents mammals as the dominant animals, the reptiles as decadent, we 
must draw the line to suit our convenience and to express best the facts; 
but in the end it will be drawn more or less arbitrarily. 

To appreciate the futility of seeking for great unconformities between 
the rock systems one has only to consider the relations of the Upper 
Cretaceous to the Tertiary in Hurope. Lyell regarded the Thanet sands 
and certain equivalents in France and Belgium as the base of the Hocene. 
Between this and the Upper Cretaceous there appeared to be one of the 
profoundest breaks in geological history. Lyell says that the interval be- 
tween the Upper Cretaceous and the Hocene must have been greater than 
that between the Hocene and the present. More recent investigations 
have shown that even in the north of Hurope there are deposits of no great 
thickness that partly fill the gap between the two systems; while it is al- 
most filled in the south of that country. 

The conclusion applicable to the question being considered which I 
reach is that the magnitude of the break below the Arapahoe formation 
in the Denver basin has little or nothing to do with the determination of 
the boundary line between the Mesozoic and the Cenozoic. The position 
of this line is to be settled through the study of the organic remains found 
below and above the unconformity and the comparison of these with the 
fossils found at corresponding levels in regions geologically better under- 
stood. If the ensemble of the organisms found in the Arapahoe, the Den- 
ver, the Lance Creek and the Hell Creek beds, is essentially of Upper Cre- 
taceous nature, on comparison with accepted standards, those beds belong 
to the Mesozoic, not to the Cenozoic, notwithstanding the great uncon- 
formity. 
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As has already been said and is well known, the base of the Hocene 
was established just below the Thanetian of England and its continental 
equivalents; and this line of separation of the Cenozoic from the Mesozoic 
has been recognized by practically all geologists since Lyell’s time. Con- 
sidering the great gap between the two systems, as known in Europe at 
that time, the separation did not appear to be at all an arbitrary one. In 
his “Text-book of Geology,” edition of 1896, Geikie placed the Montian in 
the Eocene, but in the edition of 1903 this formation is restored to the 
Upper Cretaceous. Lapparent, too, draws the line abuve the Montian. 
Nor does this manner of division appear to arouse objections on the part 
of the paleontologists. 

If, therefore, American geologists and paleontologists wish to have the 
boundary line between the Mesozoic and the Cenozoic of their country 
coincide with that of Europe, the type continent of the base of the Hocene, 
it will be necessary, unless there are compelling reasons for the contrary, 
to make the base of our Hocene the equivalent of the Thanetian of Europe. 
I believe that geologists and paleontologists generally will give assent to 
this proposition. 

It is well understood that in the determination of the level of any 
geological formation not all kinds of fossils are of equal value; some are 
indeed of little value. It is agreed that the marine animals record most 
accurately the progress of geological time, because of their abundance, 
their wide distribution, the slow and steady changes which they undergo 
during geological periods, and the facility with which they become en- 
tombed in accumulating sediments. Furthermore, of marine species the 
pelagic forms are of greater value, because their remains are dropped in- 
discriminately into deposits of all kinds, thus enabling geologists to cor- 
relate formations widely separated and composed of very different ma- 
terials. Terrestrial animals are of less value. They are subject to rapid 
and extreme changes in their environment through changes in climate and 
through sudden migrations. They suffer accordingly rapid modifications 
in their structure or sudden extinction. They are also less likely to be 
preserved in the rocks. Every shell in an oyster bed may be preserved, 
while from a million horses but a single tooth may escape destruction. 
In an interesting address at the meeting of the British Association at 
Montreal, in 1884, Blanford gave it as his opinion that determinations of 
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geological age based on terrestrial and freshwater faunas and floras only 
are extremely likely to be incorrect. 

Unfortunately for us, the deposits in which we are now especially in- 
terested contain few or no marine organisms, but abundant freshwater 
and terrestrial animals and numerous plants. We must therefore reach 
our conclusions by somewhat indirect methods and must be on our guard 
against errors. Still more unfortunately for us, the paleozoologists and 
the paleobotanists have not attained the same results from their studies. 


5. THE VALUE OF PLANTS AS INDICES OF GEOLOGICAL DATES. 


I trust that the paleobotanists will not charge me with trying to dis- 
parage their science when I proceed to show that, in the present case at 
least, their results are less to be depended on than those obtained by the 
prleozoologists. Without doubt, the plants have as interesting, as trust- 
worthy, and as valuable a story to tell, when rightly deciphered, as do the 
animals. It seems, however, that in some cases, other than the one before 
us, the significance of fossil plants has not been rightly comprehended. In 
Blanford’s address, cited above, he mentions two important cases in which 
the determination of the age of certain formations have contradicted those 
made from the marine animals. One case is found in the Gond yana 
system of India, where, as Blanford says, ‘“‘we have a Rhietic flora over- 
lying a Jurassic flora and a Triassic fauna above both.” Again he states 
that “in Australia we find a Jurassic flora associated with a Carboniferous 
marine fauna and overlain by a Permian freshwater fauna.” 

The following is quoted from Lapparent (Traité, p. 718) : 

A plus d’une reprise, l’étude des flores terrestres a paru donner des 
indications contradictoires avec celles des faunes marines; et en derniére 
analyse la question a toujours été tranchée en faveur de ces derniéres. 


Geikie makes the following observation : 

Certainly a number of instances are known where an older type of 
marine fauna is associated with a younger type of flora. 

One reason why plants, at least those of the northern hemisphere, 
which have existed since the beginning of the Upper Cretaceous, seem to 
be of only secondary value in correlating formations is found in their 
apparently extreme conservatism. While the species have changed, the 
genera have changed little. As an illustration of this, one may take the 
list of plants published by Doctor Knowlton (Wash. Acad. Sci., xi, 1909, 
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p. 219) as occurring in what he is pleased to call the Lower Fort Union, 
but which includes the Lance Creek and Hell Creek beds and their sup- 
posed equivalents. One might almost imagine it to be a list of plants 
found in a recently investigated corner of the world on the latitude of 
Louisiana. On page 225 it is stated that a number of species are yet liv- 
ing, while others are so obviously close to living species as to be separated 
with difficulty. Such inert organisms, subject also to all the vicissitudes 
of life on the land, can hardly be regarded as good indicators of the pas- 
sage of time. Since that epoch the genera, families, and even orders of 
warm-blooded vertebrates have almost completely changed. 

The opinion held by some distinguished geologists and paleontologists 
that the so-called Laramie beds, or all of these except the lowest, belong 
to the Tertiary appears to have rested until recently, at least, mostly en 
the statements of Professor Leo Lesquereux, the paleontologist of the 
Hayden Survey. He and Dr. Hayden at first regarded these deposits as 
belonging to the Miocene, but later as beionging to the lowermost Eocene. 
Passing over Lesquereux’s earlier writings I refer to one of his latest 
utterances on the subject, found in the eighth volume of the monographs 
of the Geological Survey of the Territories, part three, published in 1883. 
On page 109 Lesquereux makes this statement: 


The flora of the Laramie group has a relation, remarkably defined, 
with that of Sézanne. 


Now, the flora of Sézanne, a town in France. comes from beds that 
belong to the Thanetian, at the very base of the Lower Eocene. Les- 
quereux’s statement is followed by a table of the species which he sup- 
posed had been found in the Laramie at various localities. The beds at 
some of these localities are now known to be somewhat older than any 
Laramie, those at one or two localities a little younger than Laramie. In 
the table is a column in which are checked off the species of Laramie 
plants that Lesquereux believed to be identical with or closely related to 
species found at Sézanne; in another column the species that he supposed 
were found also in the Oligocene of Europe; in a third column those that 
he believed to occur also in Huropean Miocene deposits. Naturally, one 
would expect, in view of Lesquereux’s statement quoted above, that the 
identical and closely related species of the Sézanne column would out- 
number those of the Miocene column. On the contrary, only three species 
were regarded by him as identical with Sézanne species, while twenty- 
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seven species are recorded as identical with European Miocene species. 
If we count in each case the plants that were supposed to be closely re- 
lated to the European species, but not identics1, we find twenty-five in the 
Sézanne column and thirty three in the Miocene column. Adding the 
identical and the related species in each case it is seen that there are in 
the Sézanne column twenty-eight species. sixty in the Miocene column. 
Therefore, it becomes difficult to understand how Professor Lesquereux 
derived his conclusion from his premises. What his table really proved 
was that the Laramie deposits belong to the Miocene. Had Cope and 
other paleontologists examined the table itself, instead of accepting the 
author’s statement regarding it, they would either have distrusted the evi- 
dence from the plants more than they did or would have concluded that 
the dinosaurs ranged up into the Miocene. 

It is not to be supposed that all paleobotanists accepted Lesquereux’s 
views. These views were strongly opposed, especially by Newberry, as 
early as 1874 and as late as 1889. The following is quoted from New- 
berry (Trans. N. Y., Acad. Sci., ix, 1889, p. 28): 

If Prof. Cope had not accepted Mr. Lesquereux’s conclusion in regard 
to the age of the deposit [at Black Buttes], and had recognized the fact 
that there are no Tertiary plants in the true Laramie, he would have seen 
that there is no discrepancy between the testimony of the plant and animal 
remains. 

It is to be taken into consideration here that Newberry believed that 
the Laramie was directly overlain by the Fort Union. The latter beds 
have usually been regarded as belonging to the Hocene. However, the fol- 
lowing may be quoted from Lester F. Ward, who had studied especially 
collections of plants from the Fort Union deposits (Bull. Geol. Soc. Amer.. 
i, 1890, p. 531) : 

In fact, the material from the Fort Union formation which is still in 
my hands inclines me to believe that there would really be, as I then stated, 
no inconsistency in assigning to the Fort Union an age as ancient as the 
closing period of the Cretaceous system. 


6. THe COMPLETENESS OF ReEcorD OF ANIMAL Life AS COMPARED WITH 
THAT OF PLANT LIFE. 
There is, in the present state of knowledge, a great contrast between 


the incompleteness of the plant record above the Fox Hills formation and 
the fullness of the animal record. Plants are abundant throughout the 


series that has been called Laramie and in the Fort Union. Again, they 
are found in the Green River beds, in the White River beds, and in the 
deposits at Florissant, Colorado. Otherwise, the record is mostly missing. 
On the other hand, the history of the vertebrates is quite full. Between 
the Fox Hills and the present time there are known probably nearly twenty 
distinct faunas and it has been found possible to correlate these in most 
eases closely with European faunas. With such a series at command, the 
extremes of which differ enormously, while the mean terms sometimes 
grade into their successors, at other times differ greatly from the next 
comers, the paleontologist need not go far astray in determining the proper 
level of each fossil-bearing deposit. It may be remarked that when the 
paleobotanist refers the Green River beds to the Oligocene, while the ver- 
tebrate paleontologists put them at the bottom of the middle Eocene, a 
serious dislocation of views is indicated. 


- 


(. THE BEGINNING OF THE EOCENE IN EUROPE AND AMERICA. 


When one comes to correlate formations in America with those of 
distant countries great difficulties are likely to be experienced. Interrup- 
tions in stratification are not likely to occur at the same time in America 
and Europe and Asia. On account of differences in the character of the 
deposited materials, the climate, the interposition of barriers, and other 
features of environment, the contained organisms must differ to a greater 
or less extent. In the case of the beds about which exists our dispute, 
they are neither of marine origin nor in contact with strata of purely 
marine origin. Hence they cannot be compared directly with either the 
typical uppermost Cretaceous deposits of Europe, the Danian, nor with 
the Thanetian, the lowermost European Eocene. The Lance Creek beds, 
the Hell Creek beds, and others related to them have been produced 
mostly through the action of fresh waters and they contain remains of land 
plants, freshwater mollusks and fishes, reptiles inhabiting the water and 
the land, and a few terrestrial mammals. In such a situation we must 
have recourse to indirect means of correlation. 

In the vicinity of Rheims, France, in deposits belonging to the Thane- 
tian, there has been found a considerable number of genera and species 
of extinct mammals, together with some birds, reptiles, and fishes. The 
Mammals have been studied and described by Lemoine. On the strength 
of this fauna these Cernaysian beds were correlated with the Puerco at a 
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time when this term was applied to beds now separated and known as 
Puerco and Torrejon. There is thus furnished a means of beginning a 
correlation of our land and freshwater Tertiary deposits with those of 
Europe; but we need ever to keep in mind the possibilities of error. 

I believe that any one whe may carefully compare the Cernaysian 
fauna with the faunas of our Puerco and Torrejon must conclude that the 
Cernaysian corresponds more closely with that of our Torrejon than with 
that of the older Puerco. I find that Osborn had reached this conclusion 
in 1900 (Ann. N. Y. Acad. Sci., xiii, pp. 9, 10); and in his latest matter 
on the subject he correlates the Torrejon with the Thanetian, or Cernay- 
sian (Bull. 361, U. S. Geol. Surv., p. 84). Indeed, it seems not improbable 
that the Cernaysian is a little more recent even than our Torrejon. 

It has been demonstrated that at least a part of the Fort Union for- 
mation is the equivalent of the Torrejon. Hence, wherever the latter is 
put the Fort Union or some part cf it must go. The base of the Tertiary 
being drawn in Europe at the bottom of the Thanetian, there appears to 
be no good reason why in our country it should not be drawn above the 
Puerco, possibly above the Torrejon and the Fort Union. Certainly, when 
geologists and vertebrate paleontologists have consented to include the 
Puerco and the Torrejon in the Kocene they have lowered the base of the 
latter fofmation to its extreme level. To include now in the Eocene the 
“Ceratops” beds, the Hell Creek beds, the Arapahoe and the Denver, 
would be to add to it some hundreds of feet of deposits which, in the 
opinion of vertebrate paleontologists, contains a considerably older fauna 
than that occurring in the Cernaysian beds, and which with equal confi- 
dence the invertebrate paleontologists refer to the Cretaceous. 


8. RELATIONSHIP OF FAUNA OF LANCE CREEK EPpocH to THOSE OF PUERCO 


AND 'TORREJON. 


Inasmuch as those geologists and paleobotanists who fayor the trans- 
ference of a large part of the Laramie (as formerly understood) to the 
Tertiary insist that the fauna of the Lance Creek and the Hell Creek beds 
is more closely related to that of the Puerco and that of the Torrejon than 
to any Cretaceous fauna, this question must be considered. With regard 
to the relationships of the mammals of the Lance Creek beds to those of 
the Puerco and Torrejon extremely diverse views have been expressed. 
Marsh (Amer. Jour. Sci., xliii, 1892, pp. 250, 251) says that the mammals 
of the Lance Creek deposits 
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are not transitional between the Mesozoic and Tertiary forms, but their 
affinities are with the former beyond a doubt; thus indicating a great 
faunal break. * * * and the great break is between this horizon 
[the Peurco] and the Ceratops beds of the Laramie. * * * It is safe 
to say that the faunal break as now known between the Laramie and the 
lower Wasatch [Puerco] is far more profound than would be the case if 
the entire Jurassic and the Cretaceous below the Laramie were wanting. 


Cope (Amer. Naturalist, xxvi, 1892, p. 762), quoting from Marsh the 
words ‘“‘the more the two [Laramie and Puerco] are compared the stronger 
the contrast between’, adds: 

It is true that no Ungulata have yet been found in the Laramie, while 
they abound in the Puerco, but we cannot be sure that they will not yet be 
found; the probabilities are that they existed during the Laramie and 


that it is due to accident that they have not been obtained. But the Multi- 
tuberculata of the two faunz are much alike. 


Osborn (Bull. Amer. Mus. Nat. Hist., v., 1893, p. 311) writes: 


This Laramie fauna is widely separated from the Upper Jurassic, and 
is more nearly parallel with the basal Eocene forms of the Puerco and the 
Cernaysian of France. * * * These conclusions are directly the re- 
verse of those expressed by Marsh in his three papers upon this fauna. 


Cross (Geology of the Denver Basin, p. 220) concludes that this differ- 
ence of opinion deprives the mammalian remains of much of their value 
in the present discussion. 

To the present writer Marsh’s opinion seems to be erroneous. Geo- 
logically, of course, the Jurassic mammals are much farther removed 
from those of the Lance Creek beds than the latter are from those of the 
Puerco, Torrejon, and Fort Union. The same remark may justly be made 
regarding the stage of development attained by the Jurassic mammals. 
Systematically considered, the case is different; and the solution of the 
problem depends on the systematic relationships of the Jurassic mammals 
to those of the Lance Creek beds and of the latter to the mammals of the 
Puerco and Torrejon. If it shall result that all, or nearly all, of the Lance 
Creek mammals belonged to the Marsupialia and the Monotremata, then 
Marsh’s opinion will be in great measure justified. If, on the other hand, 
it shall be shown hereafter that a large number of the Lance Creek mam- 
mals were placentals and the near-by ancestors of the Puerco and Torre- 
jon faunas the break between the former and the latter will not be a pro- 
found one; nevertheless more important than formerly supposed by Os- 
born. 


292 


It must be understood that our knowledge of the mammals of the 
Lance Creek and related formations is of a very unsatisfactory kind. 
With few exceptions, all that is known of these animals has been derived 
from their teeth, not found in place in the jaws, but scattered singly 
through the rocks. Better known are the Jurassic mammals, for of these 
many jaws have been secured. Recently considerable light has been 
thrown on the marsupials of the Lance Creek and Fort Union formations 
through the discovery of the skull and some parts of the skeleton of 
Ptilodus (Gidley, Proc. U. S. Nat. Mus., xxxvi, p. 611). The other genera 
await elucidation. Osborn’s statement of the situation may be accepted 
(Evolution of the mammalian molars, 1907, p. 95) : 

It is possible that, besides Marsupials, we find here Insectivores, 
primitive Carnivores, and the ancestors of ancient Ungulates; but it is ob- 
vious that the determination of relationships from such isolated materials 
is a very difficult and hazardous matter. 


Notwithstanding this appreciation of the situation, Professor Osborn 
has ventured (op. cit., pp. 12, 22, 115) to refer his Trituberculata, Marsh’s 
Pantotheria, to the infraclass Placentalia. No adverse criticism can be 
made on this procedure, in case its tentative character is understood. 

Now, while this uncertainty reigns regarding the systematic relation- 
ships of the mammals of the Lance Creek and related deposits, the case is 
different as soon as attention is given to the mammals of the Puerco, Tor- 
rejon, and Fort Union. Some of them betray by their tooth succession 
and other characters that they are true placentals. Many of them may be 
referred with confidence to orders and families that continued long after- 
wards, some of them probably to the present day. 

That a considerable gap existed between the mammals of the Lance 
Creek formation and those of the Puerco and Torrejon is evident from the 
state of development of the teeth. Osborn, speaking of the teeth of the 
Upper Cretaceous mammals [Lance Creek] says (Bull. Amer. Mus. Nat. 
Hist., v., 1893, p. 321) that in none of the molars hitherto described and 
in none of his collection of about 400 teeth and some jaws was there any 
trace of the hypocone, or posterior internal tubercle. Nor was any hypo- 
cone recognized in the genera described by him in 1898 (Bull. Amer. Mus., 
Nat. Hist., x, p. 171). Undoubtedly, however, the hypocone is sometimes 
present in a rather rudimentary condition, as I have observed in teeth 
shown me by Mr. Gidley, of the U. S. National Museum. Nevertheless, 
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the teeth of all the mammals of the Lance Creek stage, except those of 
the Allotheria, are triangular, showing that the possessors were either in- 
sectivorous or flesh-eating in their habits. 

On the other hand, there are several genera of Puerco mammals that 
possess a well developed hypocone and internal cingulum. In some cases, 
where the hypocone had no great development, the hinder internal part of 
the tooth had swollen so as to reduce much the gap between the successive 
teeth and produce a broad triturating surface. In Polymastodon, which 
must have been a vegetarian, an extensive triturating surface was secured 
in another way. It presents a great advance over the teeth of any of the 
Lance Creek Allotheria. If it is considered how slowly changes in tooth 
structure had advanced during the Mesozoic era we must conclude either 
that a considerable interval had elapsed between the Lance Creek epoch 
and that of the Puerco or that the animals of the latter were not de- 
scendants of the former. 

There are important differences between the mammals of the Lance 
Creek beds and those of the Puerco as regards the size attained. Most of 
the former are of insignificant proportions, resembling in this respect those 
of the Jurassic; while many of those of the Puerco are large. Further- 
more, there was in the mammals of the Puerco a far greater variety of 
form, structure, and systematic relationships than among those of the 
Lance Creek mammals. Of the latter, there have been described about 
twenty-five genera and about forty-five species, most of them by Marsh. 
Osborn has regarded himself as justified in reducing these to about ten 
genera, these representing a very few families. From the Puerco Matthew 
(Bull. 361, U. S. Geol. Sury., 1909, p. 91) recognizes twenty-nine species, 
belonging to eighteen genera and nine families. To what extent this in- 
creased diversification of the mammalian life of the Puerco is due to im- 
migration we can not now tell; but it does not seem to be necessary to 
assume that it was due to invasion of mammals from some other region. 
Tor, in view of the interval between the two formations that is indicated 
by the plants and reptiles, it is possible that the Puerco mammals are the 
direct descendants of those of the Lance Creek epoch. 

In case there was no serious interruption in deposition between the 
Lance Creek beds and the Puerco and Fort Union, one might expect to 
find close relationships between the reptiles of the two levels. Crocodiles 
are not abundant in either and, so far as known, no species passes from 
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the one formation to the other. Champsosaurus, belonging to another 
order, is found in the beds of the Lance Creek region and at Hell Creek 
and also in the Puerco; but probably no species is common to the lower 
and the upper levels. ‘This genus, like Ptilodus, serves to show that, 
though there may have been a considerable interval between the Lance 
Creek and the Puerco, it was not an enormous one. The dinosaurs, which 
were such a conspicuous feature of the Lance Creek epoch, appear to have 
disappeared completely before the time of the Puerco and Fort Union. 
Of turtles, some families passed from the one formation to the other, but 
probably no species. A pleurodire, representing a large group of turtles 
found now mostly south of the equator, was present in the “Laramie” of 
New Mexico; but no member of the group is known to have existed in 
North America after that time. Certain other genera of turtles (Adocus, 
ELubaéna, Thescelus, Basilemys, Helopanoplia) are not known to have 
passed from the Lance Creek level into that of the Puerco and Fort Union; 
and other genera (Alamosemys, Hoplochelys, Conchochelys, Amyda?) ap- 
pear to have had their beginning in the Puerco. It may further be said 
that, while turtles were very abundant in the Lance Creek epoch, they 
appear to have been very rare in the Fort Union, though of more frequent 
occurrence in the Puerco. 

As regards the mollusks I find this statement made by Doctor Stanton 
(Wash. Acad. Sci., xi, p. 264), where he is speaking of a Fort Union local- 
ity in Montana: 

The Unios are all of simple type and do not include any of the pecu- 


liarly sculptured forms like those of Hell Creek, Converse County, and 
Black Buttes. 


The plants, conservative as they are, testify even more strongly than 
do the animals to a considerable interval between the Lance Creek epoch 
and the Fort Union. According to Doctor Knowlton (Wash. Acad. Sci., 
xi, p. 221), out of 84 identified species found in the Lance Creek epoch 
(“Lower Fort Union’) 68 occur in the Fort Union. Hence 16 species, 
nearly 20 per cent, appear to have failed to reach the higher beds. It is 
to be noted here that about 300 plants are known from the Fort Union 
and only about 200 from the Lance Creek beds. For a group of organisms 
that even then contained a considerable number of species yet existing, 
or very close to forms yet existing, the loss of a fifth of their forces, at 
a time when there appears to have been little change of climate, indicates 
the lapse of an important interval. 
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The base of the Hocene is usually regarded as containing a small per 
cent of the marine mollusks yet living; the beginning of the Miocene, 
about 17 per cent of yet existing species; and the beginning of the Pliocene 
about 36 per cent. If now plants have changed in species during the lapse 
of geological time with about the rapidity that marine mollusks have 
changed, the Fort Union beds ought to be arranged in the Lower Miocene. 
This would harmonize quite well with the idea that the Green River beds 


belong to the Oligocene. 


9. RELATIONSHIP OF LANCE CREEK FAUNA TO THAT OF THE JUDITH RIVER 


EPocuH. 


Having demonstrated, as I think I have, that there was, between the 
time of the deposition of the Lance Creek beds and those known as Puerco 
and Fort Union, a nearly complete change in the fauna and a considerable 
change in the flora, I will endeavor to show that the fauna of the former 
beds is closely related to that of the Judith River, a formation now recog- 
nized as being well down in the Upper Cretaceous and separated from the 
lowermost Laramie by about 1,000 feet of marine Cretaceous strata 
(Stanton, Wash. Acad. Sci., xi, p. 256). ‘This close relationship of the two 
faunas has been recognized, it may be truthfully said, by all paleontolo- 
gists who have given attention to the subject. For a long time it misled 
geologists and paleontologists into the conclusion that all the deposits in 
question belonged to a single epoch. Mr. J. B. Hatcher, who had collected 
extensively both in the Judith River region and in the Lance Creek beds, 
and who had studied closely the vertebrates of both regions, writes (Bull. 
U. S. Geol. Surv., 257, p.-101) : 

When considered in its entirety, the vertebrate fauna of these beds 
[Judith River] is remarkably similar to, though distinctly more primitive 
than, that of the Laramie [Lance Creek beds]. Almost or quite all of the 
types of vertebrates are present, though, as a rule, they are represented 
by smaller and more primitive forms. 

Doctor T. W. Stanton, palecntologist of the U. S. Geological Survey, 
who examined in company with Professor Hatcher the Judith River basin, 
and who has given especial attention to the invertebrate fauna, records in 
the same bulletin (p. 121) his opinicn: 

When full collections are compared it will usually be easy to distin- 


guish between Judith River and Laramie from the brackish-water fossils 
alone, but if the collections are meager and fragmentary it may not be 
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practicable to do so. * * * Taken as a whole, the fresh-water faunas 
of the Judith River and the Laramie are somewhat more distinct than the 
brackish-water faunas of the same formations, and with fairly complete 
collections it should not be very difficult to distinguish them in the labora- 
tory. 

When we come to compare the vertebrates of the Judith River beds 
with those of the Lance Creek deposits it becomes necessary practically 
to ignore the mammals, inasmuch as only two species of these have up to 
this time been discovered in the Judith River. These are Ptilodus pri- 
mevus and Borodon matutinus, both described by Lambe from the Belly 
River beds of British America. The former of these fossils is related to 
species of the same genus found in the Lance Creek beds and in the Tor- 
rejon, the latter genus is of undetermined relationship. 

Fishes.—Beginning with the fishes, there have been described from 
the Judith River beds eight species. In the Lance Creek beds, Converse 
County, Wyoming, Professor Williston (Science, xvi, 1902, p. 952) found 
materials which he refers to two of these species (Vyledaphus bipartitus, 
Lepisosteus occidentalis). One of these fishes, Myledaphus bipartitus, 
seems to be a ray. The rays are almost wholly inhabitants of salt water ; 
hence the persistence of this Judith River freshwater form is somewhat 
remarkable. A supposed sturgeon, Acipenser albertensis, found by Lambe 
in the Belly River beds, occurs, according to Williston, in the Lance Creek 
beds. From the Belly River beds Mr. Lambe described a remarkable 
species of fish which he called Diphyodus. Watcher states that similar 
jaws are common both in the Judith River beds of Montana and in the 
deposits of Converse County, Wyoming. From the Hell Creek beds of 
Wyoming Mr. Barnum Brown has reported the discovery of another spe- 
cies of the same genus. 

Tailed Amphibians.—Of the tailed amphibians, at all times rare fos- 
sils, Cope described from the Judith River region four species, all members 
of the genus Scapherpeton. Lambe believes that he has found one of these 
in the Belly River beds, a fact that shows the somewhat extended distri- 
bution of the genus at that epoch. Williston found one of the species in 
the Lance Creek beds and Brown reported a species from the Hell Creek 
deposits. While it is true that these fishes and amphibians are mostly 
represented by fragmentary remains, these remains are usually character- 
istic and capable of accurate comparison. That Myledaphus should reap- 


pear after an interval allowing the deposition of 1,000 feet of marine 
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strata and probably some hundreds of feet of freshwater strata, is re- 
markable enough; but that it should reappear in company with its old 
companions, the rare Diphyodus and Scapherpeton, not to mention the more 
highly developed fauna yet to be discussed, is very striking. Had there 
occurred at both levels only some pebbles of three peculiar forms or com- 
positions, instead of the three genera, the conclusion would have been in- 
evitable that there was some particular connection between the two for- 
mations. 

Champsoscurus, Crocodiles.—Coming next to the reptiles, it may first 
be noted that species of Champsosaurus occur in the Judith River beds, 
in the Lance Creek beds, in those of the Hell Creek region, and in the 
Puerco. It is probable that the species vary from one formation to the 
other. The same statement can probably be made regarding the croco- 
diles. These genera, common to all three of the formations under discus- 
sion, may be left out of consideration; although it must not be overlooked 
that none the less they aid in binding together the formations in which 
they are found. As to the crocodiles, it may be mentioned that Williston 
recognized, in teeth and scutes found in the Lance Creek beds, Leidy’s 
Crocodylus humilis, originally described from the Judith River region. 
From the Judith River beds of Alberta Lambe described Leidyosuchus 
canadensis. Mr. C. W. Gilmore will soon describe a second species of the 
genus, collected last summer in the Lance Creek beds of Converse County, 
Wyoming. 

Turtles —As regards the turtles, certain genera have already been 
mentioned as appearing not to pass the line between the Lance Creek for- 
mation and the Puerco and Fort Union. My study of the fossil turtles in- 
dicates that the species of these animals rarely pass from one epoch to 
another. If they have ever done so they passed from the Judith River 
into the Lance Creek epoch. There are five or six species of Judith River 
turtles which are represented in the Lance Creek and Hell Creek beds by 
turtles of identical or very closely related species. Most of these are 
marked by such peculiar sculpture that they are easily recognized and 
some of them likewise are represented by excellent materials. I shall take 
the pains to give some details. 

Compsemys? obscura Leidy was originally described from beds 
probably belonging to the Lance Creek epoch and found at Long Lake, 
N. Dakota. Not much of it is known, but the sculpture is distinctive. 
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It was included by Cope in his list of Judith River vertebrates. Barnum 
Brown found what appears to be the same species in the Hell Creek beds. 

Compsemys victa Leidy was described from the beds of Long Lake. 
Its sculpture is characteristic, resembling small, closely placed, pustules, 
that cover all parts of the shell, and appearing in no other turtles. It is 
fragmentary, but very common in the Lance Creek beds. Barnum Brown 
has collected it in the Hell Creek deposits. Cope included it in his list 
of Judith River vertebrates. He also found it in Colorado, in deposits 
that belong to either the Arapahoe or the Denver. I am able to say that 
the same genus is represented by an undescribed species in the Fort Unicn. 

Aspideretes foveatus (Leidy) was described from the Judith River 
basin. Leidy had other specimens from Long Lake, N. Dakota. There 
are many fragments of the species in a collection made in the Judith Basin 
for Cope by Charles Sternberg. A nearly complete carapace was found in 
the Belly River beds by Lambe. Fragments indistinguishable from the 
type were secured by Barnum Brown in the Hell Creek region. The cara- 
pace is ornamented by a characteristic pitting. 

Aspideretes beecheri Hay has for its type a specimen in Yale Uni- 
versity which lacks little more than the head and a part of the neck. Mr. 
Hatcher collected in the Judith River beds two quite complete carapaces 
which I have examined, without being able to distinguish them from the 
type of A. beecheri. 

Adocus lineolatus Cope is a turtle that is not well known, but 
fragments of what appear to be the same species are not uncommon. The 
sculpturing is peculiar. The type was found in Colorado, in probably the 
Arapahoe formation. Cope included it among the vertebrates of the Judith 
basin, and Lambe reported it from Belly River deposits in Alberta. Bar- 
num Brown found in the Hell Creek beds what seems to be the same 
species. 

The genus Basilemys is represented by turtles of large size and an ex- 
traordinary form of sculpture. The type B. variolosa (Cope) has as its 
type a large part of the plastron and considerable parts of the carapace. 
This type was found in the Judith River basin. Members of the Canadian 
Geological Survey found good specimens of the species in the Belly River 
beds in British America. A second species of the genus has been dis- 
covered in beds of the Lance Creek epoch, in Custer County, Montana. 


The type is a compiete shell. Had only fragments been found that did not 
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include distinctive parts, this specimen would have been regarded as be- 
longing to B. variolosa. A species not certainly identified occurs in the 
Hell Creek beds. During the past season an undescribed, closely related 
species was discovered in the Lance Creek deposits in Converse County, 
Wyoming, by a member of the U. S. Geological Survey. Nothing re- 
sembling these turtles has ever been found in beds above those equivalent 
to the Lance Creek deposits. Indeed, all those turtles of the Upper Cre- 
taceous which had the carapace and plastron sculptured in various ways, 
appear to have become extinct before the beginning of the Tertiary. Not 
long after the opening of the Tertiary, in the Wasatch, there came in the 
Emydidee and the Testudinidz, and these developed other styles of orna- 
mentation of the shell. 

Figures of all the species of turtles named above are to be found in the 
present writer’s “Fossil Turtles of North America.” 

Dinosaurs.—Both in the Judith River beds and in those of the Lance 
Creek epoch the most abundant and the most conspicuous reptiles are the 
dinosaurs. Five families of these, belonging to four superfamilies and to 
two suborders, are represented in the Judith River epoch, and each of these 
families reappears in the Lance Creek epoch. Furthermore, many of the 
genera are common to the two formations and it is believed that the same 
is true of a considerable number of species. From the Judith River beds 
Cope described eight species of carnivorous dinosaurs that seem to come 
under the genus Dryptosawrus. Mr. Hatcher (Bull. U. 8S. Geol. Surv., 
257, p. 86) mentions the occurrence of two of these, called by him Deinodon 
éxplanatus and D. hazenianus, in the Lance Creek beds. Another car- 
nivorous dinosaur, Deinodon horridus, was originally described from the 
Judith River beds. Hatcher (loc. cit., p. 838, Aublysodon mirandus) be- 
lieved that it was found likewise in the Lance Creek beds. Another, 
Zapsalis abradens, is thought (p. 84) to occur in both formations. The 
great carnivorous dinosaur described by Osborn, Tyrannosaurus rer, May 
be a descendant of Marsh’s Ornithomimus grandis, of the Eagle formation, 
older still than the Judith beds. 

In the herbivorous order Orthopoda are placed the remarkable rep- 
tiles called the Stegosauria. Two species, Troodon formosus and Pala@o- 
scincus costatus, are mentioned by Hatcher (loc. cit., pp. 83, 88) as being 
represented in the Lance Creek deposits by numerous teeth of size and 
pattern similar to the types, which were described from the Judith River 


300 


formation. In addition to these, Barnum Brown has described from the 
Hell Creek beds a large stegosaur, Ankylosaurus magniventris, the type 
of a new family. We can not doubt that some day a closely related form 
will be discovered in the Judith River beds; and indeed, its immediate 
ancestor may be Lambe’s Stereocephalus tutus, from the Belly River de- 
posits. 

The large herbivorous dinosaurs, the Hadrosauridze, which were ac- 
customed to walk about on their hinder limbs only, are, according to 
Cope’s identifications, represented in the Judith River formation by about 
nine species. The Lance Creek and the Hell Creek beds furnish three or 
four species of the family, most of which are referred to the genus Hadro- 
saurus, ovr T'rachodon. Whether or not there are species common to the 
two formations cannot now be definitely determined; but certainly their 
relationships are very close. 

Of all the dinosaurs that are found in the formations in which our 
interest is now centered the Ceratopsia have received the most careful 
study. What the present state of knowledge is with regard to these re- 
markable reptiles, may be learned from Hatcher’s monograph of the 
group, completed and edited by Dr. Lull (Mon. 49, U. S. Geol. Surv.). 
Unfortunately much needs yet to be learned about them, especially about 
those of the Judith River forms. Approximately nine species are known 
from the Judith River deposits of Montana and British America; and 
about fifteen species are credited to the Lance Creek beds, of Wyoming, 
and to the Arapahoe and the Denver, of Colorado. Tatcher and Lull con- 
clude that those of the Judith epoch are somewhat more primitive than 
those of the beds higher up, being somewhat smaller, with a less completely 
developed nuchal frill, with the nasal horn relatively larger and the 
supraorbital horns relatively smaller than in the younger forms. It is, 
however, to be noted that the nasal horn of Ceratops, of the Judith River 
epoch, is not yet certainly known. For the most part the genera are 
based on the characters mentioned above. They may have the importance 
assigned to them, but they do not indicate radical differences. Such differ- 
ences might easily have arisen during an interval of moderate duration. 
There can be no doubt that the Ceratopsia of the higher beds were derived 
directly from those of the lower. 

The possibility may be fully granted that further investigations may 
prove that few or no species of vertebrates continued from the Judith 
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River epoch to that which witnessed the deposition of the Lance Creek and 
Hell Creek beds. Nevertheless, nothing can impair the force of the evi- 
dence that many species included among the fishes, the tailed amphibians, 
the turtles, the crocodiles, the champsosaurians, and the carnivorous and 
herbivorous dinosaurs are represented in both formations by closely re- 
lated forms. The remarkable thing about the matter is that the faunas of 
the two formations, separated by so great a thickness of strata, should be 
so similar. We must conclude that deposition went on rapidly in that in- 
terval, so that it may not have been so long as otherwise might appear. 
There could hardly have been movements of the land in that region that 
produced any considerable changes of climate. During the Bearpaw epoch 
the sea probably quietly invaded a part of the territory that had previously 
been occupied by the Judith River animals; but around the border of this 
invading sea the turtles, the crocodiles, and the many genera of the dino- 
saurs continued their existence and their evolution undisturbed until that 
sea retired. And doubtless had all those animals in that region been 
destroyed there was an extensive territory, nearly the whole of North 
America as far as the Atlantic, that harbored similar forms, from which 
territory new recruits could swarm in. As far away as New Jersey there 
were living herbivorous and carnivorous dinosaurs not greatly different 
from those of the Judith River beds. This appears to be true, that what- 
ever happened to the plants between the time of the Judith River and the 
Lance Creek beds, nothing of serious importance happened to the animals. 

By those who insist on elevating the deposits of the Lance Creek 
epoch into the Tertiary, a persistent effort has been made to minimize or 
nullify the significance of the presence of dinosaurs. As long ago as 1880 
Heer wrote thus (Arctic Flora, vol. 6, pt. 2, p. 7): 

Der Agathaumas von Black Buttes beweist daher keineswegs, dass 
dort eine Tertiir-Flora zn gleicher Zeit mit einer Kreide-Fauna gelebt 
habe, wie Prof. Cope dies behauptet, denn ein einzelnes Thier macht so 
wenig eine Fauna aus, als eine Pflanzenart eine Flora. Wir kénnen daher 


Hrn. King nicht beistimmen, wenn er, mit Cope und Marsh, die Laramie- 
Gruppe zur Kreide bringt. 


Mr. Cross and Dr. Knowlton have argued that the dinosaurs might 
have continued on into the Eocene, and in fact did so. As to the verte- 
brate paleontologists, it is not probable that any of them would have as- 


serted that this was impossible and some of them have granted the possi- 
bility. In holding that the dinosaur beds belong to the Mesozoic, they 
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have reasoned that, inasmuch as these animals are characteristic of the 
Mesozoic and are not known to occur in the Tertiary of any other region, 
they probably did not exist during any part of the Tertiary of this coun- 
try. And certainly, there is a mass of confirmatory evidence for this con- 
clusion. The plants have appeared to furnish evidence against it; but, 
in view of the discrepancy between Lesquereux’s conclusion and his prem- 
ises, it seems that the paleozoologists were justified in their conservatism. 

Mr. Cross writes (Mon. U. S. Geol. Surv., xxvii, p. 251): 

If the dinosaurs of the Ceratops fauna did actually live in the Laramie 
epoch of Colorado they survived a great orographic movement and its ac- 
companying climatic changes, and continued through the Arapahoe and 
Denver epochs so little modified that Professor Marsh has not detected 
any changes corresponding to the stratigraphic time divisions. 

Since this was written it has been found that the Judith River beds, 
which contain so many dinosaurs, were deposited long before the time of 
the Laramie. We thus have proof that these dinosaurs and many other 
forms of vertebrates survived, without important changes, the orographic 
movement mentioned by Mr. Cross. It seems probable, therefore, that this 
movement was not so widely extended and so long continued as has been 
supposed. Why the dinosaurs died out finally we do not know, any more 
than we know why numerous other vigorous races of animals have per- 
ished from the earth. That the causes were not local is shown by the 
fact that in Europe likewise they became extinct just before the appearance 
of the Cernaysian fauna. It may be regarded as very reprehensible in 
them that they thus permitted themselves to perish before the Eocene 
came on, but we are compelled to believe the record. 

In the preceding pages I have endeavored to show that the deposits 
of the Lance Creek epoch are well separated from those of the Fort Union, 
as indicated by both the fauna and the flora. In ease a biological break is 
required between the Cretaceous and the Tertiary such a break seems to 
be present here. The stratigraphical break appears to be less conspicuous; 
yet unconformities are not absent and the character of the deposits appears 
to be such that there is seldom difficulty in separating the one formation 
from the other. Nevertheless, it seems that accurate correlation demands 
that the line between the Mesozoic and the Cenozoic in that region ought 
to be drawn at least above the Puerco and probably through or above both 
the Torrejon and the Fort Union. The exact position of the parting must 
be settled after further investigations. 
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10. CONCLUSIONS. 


1. The answer that the writer would give to the question at the head 
of this paper is that the Lance Creek beds belong to the Upper Cretaceous. 

2. In the Upper Cretaceous ought to be included also the Puerco and 
not improbably also the Torrejon and the Fort Union. 

3. In case of a conflict between the evidence furnished by the flora 
and the fauna of the Lance Creek beds and those of the Fort Union re- 
spectively, the evidence obtained from the faunas is to be preferred, as 
being part of a more complete and better understood history. Present 
knowledge regarding plants seems to indicate that they were precocious, 
having reached something like their present stage of development long 
before the mammals attained anything like their present stage of differ- 
entiation. There are also indications that the floras of the western world 
were, during the Cretaceous, considerably in advance of those of Europe. 

4. Even if it were conceded that the Fort Union belongs to the Ter- 
tiary, and that the fauna and flora of the Lance Creek epoch are more 
closely related to those of the Fort Union than they are to those of the 
Judith River, it does not follow that the Lance Creek epoch must be in- 
cluded in the Tertiary. A quarter before midnight on Monday is much 
nearer to Tuesday than it is to the previous six o’clock; nevertheless, it 
is not yet Tuesday. 


U.S. National Museum, 
Washington, D. C. 
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PALEONTOLOGY AND THE RECAPITULATION ‘THEORY. 


By HE. R. CuMINGS. 


In reply to a severe critique of the recapitulation theory, or biogenetic 
law, by Hurst (30), Bather remarks that “It the embryologists had not 
forestalled them, the paleontologists would have had to invent the theory 
of recapitulation.” (1) This may be considered as a fair sample of the 
general attitude of paleontologists of the Hyatt school, to which Bather 
belongs, toward the recapitulation theory. 

Even the more conservative paleontologists, while inclined to use the 
theory cum grano salis, recognize the weight of evidence that Hyatt and 
his coworkers in the realm of paleobiology, have brought together, as is 
evidenced by the following quotation from Zittel (65): “Nevertheless 
embyronic types are not entirely wanting among invertebrates. The Pale- 
ozoic Belinuridze are bewilderingly like the larvae of the living Limulus. 
The pentacrinoid larva of Antedon is nearer many fossil crinoids than the 
full grown animal. . . . . Among pelecypods the stages of early youth 
of oysters and Pectinidse may be compared with Paleozoic Aviculidz. 
Among brachiopods, according to Beecher, the stages which living Tere- 
bratulidee pass through in the development of their arm-skeleton correspond 
with a number of fossil genera. The beautiful researches of Hyatt, Wiir- 
tenburger and Branco, have shown that all Ammonites and Ceratites pass 
through a goniatite stage, and that the inner whorls of an Ammonite con- 
stantly resemble, in form, ornament and suture line the adult condition of 
some previously existing genus or other.” 

In violent coatrast with this full acceptance, or this guarded ac- 
ceptance of the theory on the part of the paleontologists, is the position of 
a considerable school of embryologists and zoologists. Perhaps no one 
has put the case against the theory more baldly and forcibly than Mont- 
gomery in his recent book on ‘An Analysis of Racial Descent” (42). He 
says: “The method is wrong in principle, to compare an adult stage of 


, 


one organism with an immature stage of another.” And again: ‘“There- 
fore we can only conclude that the embryogeny does not furnish any re- 
capitulation of the phylogeny, not even a recapitulation marred at oceca- 
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sional points by secondary changes. . . . An analysis of the stages 
during the life of one individual can in no way present a knowledge of its 
ancestry, and the method of comparing non-correspondent stages of two 
species is wrong in principle.” Equally sweeping is the statement of 
Hurst (30): “The ontogeny is not an epitome of the phylogeny, is not 
even a modified or ‘falsified’ epitome, is not a record, either perfect or im- 
perfect of past history, is not a recapitulation of evolution.” 

It would seem as though two statements could not be more flatly con- 
tradictory than these of Hurst and Montgomery, and that of Bather quoted 
above. Nevertheless I venture to make the seemingly paradoxical asser- 
tion that both parties to the controversy may be right, for the simple rea- 
son that they are talking about quite different things. This has been 
nowhere better expressed than by Grabau (25). He says: “It has been 
the general custom to test the validity of the recapitulation theory by the 
embryological method; i. e., the comparableness of the changes which the 
individual undergoes during its embryonic period te the adults of more 
primitive types. Usually the comparison has been with the adults of ex- 
isting types, since in most cases these alone were available for compari- 
son. It is no wonder, then, that such comparisons have led to innumer- 
able errors, if not absurdities, which have placed the recapitulation theory 
in an evil light and awakened in the minds of many serious investigators 
doubts as to the validity of the deductions based upon this doctrine. When, 
however, the entire life history of the individual is considered, instead of 
only the embryonic period, and when the successive stages of epembryonic 
development are compared with the adult characters of related types, in 
immediately preceding geologic periods, it will be found that the funda- 
mental principle of recapitulation is sound, and that the individuals do 
repeat in their own cpembryonic development the characters of their own 


immediate ancestors.” (Italics mine.) 

It is as a matter of fact true that the Hyatt school of paleontologists 
have based their phylogenies on epembryonic rather than embryonie stages 
—stages beginning with the nepionic or infantile—since in the nature of 
the case the true embryonic stages are scarcely ever accessible to the stu- 
dent of fossils. It is no less true that the severest critics of the theory 
of recapitulation have rested their case largely on the real or supposed 
lack of correspondence between the embryonic stages and the adult stages 


of assumed ancestors, or upon certain @ priori considerations having to 
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do with the laws of development and inheritance. To the former class 
belong such critics as Von Baer, and to the latter class such as Hatschek, 
His, Hurst, Montgomery and others. 

In making this statement I am aware that paleontologists sometimes 
compare true embryonic stages with adult stages of pre-existing types. 
As examples of this we might cite the comparison of the larval stage of 
Antedon with adult Paleozoic crinoids, as mentioned by Zittel; and the 
classic attempt of Beecher to reconstruct the ancestor of the Brachiopoda 
by a comparison of the phylembryonic stages of a representative series of 
genera of recent and fossil brachiopods. Nevertheless by far the greater 
number of comparisons that have been instituted by paleontologists have 
been between epembryonic stages of individuals and adult stages of older 
forms. Such comparisons are those of Hyatt, Branco, Karpinsky, Wiirten- 
burger, Buckman, Neumayr, Smith, Beecher, Clarke and others among the 
Cephalopoda; of Beecher and Schuchert, Raymond, Greene and Cumings 
among the Brachiopoda; of Jackson among the Pelecypoda; of Grabau 
and Burnett Smith among the Gastropoda; of Lang and Cumings among 
the Bryozoa; of Ruedemann among the graptolites; and of Beecher, 
Girty, Lang and others among the corals. To many of these researches I 
shall refer later. 

I am also not unmindful of the fact that many of those who are not 
primarily paleontologists recognize the fact that development does not 
terminate with the completion cf the embryonic stages, and that recapitu- 
lation may be legitimately looked for in epembryonic as well as embryonic 
stages, or that it may be sought in epembryonic stages, even though masked 
or falsified in embryonic stages. It is true, of course, that some speak of 
a comparison of ontogeny and phylogeny when, judging by the context, 
they mean a comparison between embryogeny and phylogeny. There arises 
here a question of definition: does the biogenetic law mean that the 
ontogeny is a recapitulation of the phylogeny, or does it mean that the 
embryogeny is a recapitulation of the phylogeny? If we take the general 
consensus of opinion we shall find for the former definition, and if we 
take the words of Haeckel, whose statement of the law is the one usually 
quoted, we shall again find for the former definition. I believe that, as 
a matter of fact, no one would maintain that the second definition is cor- 
rect, however much he might forget in his studies to take the epembryonic 
stages into consideration. 
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Nor would I create the impression that the embryologists and zoolo- 
gists have utterly deserted the paleontologists in their support of the re- 
capitulation theory. Several recent papers give considerable aid and com- 
fort to those of us who still believe in recapitulation. I shall introduce 
here the conclusions of three of these workers, more particularly because 
it will afford me an opportunity to correct what I hold to be another error 
of those who oppose the theory. 

One of the most interesting pieces of evidence that has recently been 
adduced in favor of the idea that ontogeny recapitulates phylogeny is to 
be found in a paper by Griggs on “Juvenile Kelps” (28). It is not my 
purpose, however, to discuss the very interesting evidence which he has 
recorded, but ratber to quote his remarks on the views of His and Morgan, 
and his general conclusions. His maintains that the reason why ontogeny 
seems to recapitulate phylogeny is because the stages in development are, 
as Griggs paraphrases it, ‘only the physiologically necessary steps for the 
formation of the adult body from its earliest stage, which in most cases 
is the egg.” With the ideas of Morgan as expressed in his valuable book 
on “Evolution and Adaptation” we are all familiar. He holds that or- 
ganisms repeat in their development, not adult stages, but only embryonic 
stages of their ancestors. To this idea he has given the name of “repe- 
tition.” 

On this point of the recapitulation of embryonic conditions Griggs 
makes the following pertinent statements: “In the toothless animals, the 
whale and the bird, the development of teeth in the jaws is entirely un- 
necessary * * * it may even be said to hinder the attainment of the 
adult condition. The same is true of the mammalian gill slits and of 
most structures which have in the past attracted attention in connection 
with the recapitulation theory. As the ancestral period when such struc- 
tures were fully developed in the adult becomes more and more remote, 
the tendency to inherit them becomes less and less, because of the cumu- 
lative impulses given to the heritage by the nearer ancestors. Conse- 
quently they are successively less and less developed. Any gradual loss 
of inheritance can, in the nature of the case, take place only from the 
mature condition backward toward the beginning of the life cycle; other- 
wise we should have adult structures with no ontogenetic history. There- 
fore we can understand why it is that in many cases only the embryonic 
stages of ancestral history persist in the ontogeny.’ In a foot note he 
comp 


says: he cutting off of end stages in the development of organs has 
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given rise to the idea that the adult stages are ‘pushed back into the 
embryo.’ Such a misconception easily arose from the loose language in 
which the facts have often been expressed. Thus the embryogeny will be 
gradually shortened by the omission of more and more of the superfluous 
ancestral stages; and it will tend finally to retain only such stages as 
are necessary to the attainment of the adult form.” Morgan and His, he 
maintains, have confused morphology and physiclogy. “The recapitula- 
tion theory has nothing to do with physiology; it is purely a matter of 
morphology.” 

In conclusion Griggs says: ‘Taking all the evidence into considera- 
tion, it seems to the writer that we are bound to conclude that though 
organisms are subject to adaptations at any stage of their life cycles and 
may gradually cut out superfluous stages, yet, except as some such ten- 
dency has operated to change the heritage, the development of the indi- 
vidual does recapitulate the history of the race * * * recapitulation 
must take place if there is any force which tends to make offspring like 
parent, if heredity is of any importance in moulding the forms of organ- 
isms. On the other hand, if there is any variability of transmutation of 
individuals in stages other than the adult end stages of the life cycles, 
the recapitulation cannot be perfect, but must be marred at every stage 
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where secondary change has taken place.’ I shall return later to some 
of the points raised by Griggs in the above statements. 

Another eminent worker, Dr. Eigenmann, says at the close of a paper 
on the eyes of the blind vertebrates of North America (20): “We have 
seen in the preceding pages that the foundations of the eye [of Amblyop- 
sis] are normally laid, but that the superstructure instead of continuing 
the plan with new material, completes it out of the material provided for 
the foundations, and that in fact not even all of this (lens) material en- 
ters into the structure of the adult eye. The development of the founda- 
tions of the eye is phylogenic, the stages beyond the foundations are di- 
rect.” 

The third writer, Dr. Zeleny (64), in his paper on “Compensatory 
Regulation,” in a discussion of the development and regeneration of the 
opercula in serpulids, says that the morphologic series is so complete as 
to make sufficient ground for the conclusion that the opercula arose in 
the course of phylogeny as modified branchia. The ontogenetic series, he 
Says, corresponds very closely with the probable phylogenetic series. 


Speaking of the regeneratory development he says: ‘‘The course of re- 
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generatory development is characterized by great condensation and direct- 
ness of the development. There is no trace of the branchial stage, and 
the development of the two rows of processes of the terminal cup does 
not follow the ontogenetic order.” 

His final conclusion is as follows: ‘The data furnished, therefore, 
by the opercula of the serpulids give a fairly close agreement between 
the ontogenetic stages and the probable phylogenetic ones as determined 
by the usual criteria. The regeneratory development, however, follows a 
course which may be modified by the character of the operation that 
leads to the regeneration.” By the ‘usual criteria’ he means morphology, 
etc., so that he cannot be accused of the circulus vitiosus. 

Those who wish to review the detailed evidence given in the above 
papers, bearing on the theory of recapitulation, will, of course, consult 
the original papers. My main reason for quoting them is, as stated above, 
because of their bearing on what seem to me to be grave errors in the 
reasoning of His, Morgan and Montgomery and others who have adopted 
similar views. ‘The error seems to me to be, as pointed out by Griggs, in 
the confusion of morphology and physiology. The adult characters that 
are supposed to be recapitulated in the ontogeny, as well as the characters 
in ontogeny that are supposed to represent them, are morphological 
characters solely. It matters not what new function they may have come 
to serve, nor by what physiologic process they have come to make their 
appearance in the recapitulating organism. The confusion arising from 
this source colors all the argument of Montgomery, in which he endeay- 
ors to prove that new specific characters must have some representation 
in the ovum—a view which we must certainly agree with—and that there- 
fore “the whole row” of cells from the ovum to the adult must be differ- 
ent. We grant that “The whole row” is different in some way, physiolog- 
ically different, different in its play of energies; but it may conceivably 


be morphologically identical up to the very point where the new 
character is added. It is just as easy to conceive that the energy, 
or whatever we choose to call it, that is at a certain stage in develop- 
ment to produce a certain rib or spine or color-band on the shell of a 
gastropod, may be handed through the row of cells reaching up to the 
given stage, without producing a single recognizable morphologic change 
in the row, as compared with the individual that is not to possess the new 
character, as it is to conceive the opposite. The argument for the one 


view is just as certainly @ priori as the argument for the other view. It 
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is also perfectly conceivable that the morphology of the individual cells 
in the row might differ after the acquisition of the new character (in so 
far as this assumption is required by recent cytological studies), and yet 
not a single organ or part of the organism be different up to the stage in 
ontogeny when the new character appears. Unless, therefore, a change in 
the energies of the cells inevitably necessitates a change in the morphology 
of all the cells or of all the organs which they compose, the argument of 
Montgomery proves nothing. 

As to the argument of His and others, that the supposedly ances- 
tral stages are merely the physiologically necessary stages in the develop- 
ment of the individual; it again, as Griggs points out, confuses mor- 
phology with physiology, and is open to the further objection that it is 
directly opposed to the facts. Why, for example, should the condition of 
perfect blindness, with complete loss of all the essential structures of 
the eye, be attainable only by the round-about way of first developing the 
foundations of a normal eye? Why should a serpulid be able to regenerate 
a perfect operculum in a manner entirely different from, and even opposed 
to the ontogenesis of the organ, if there is any physiologically necessary 
way in which that particular individual or that particular organ must 
develop? The thing that makes it necessary for development to take a 
certain course in a given individual is the fact that the development has 
taken* that same course in the ancestors. ‘This species of coercion may, 
to be sure, be relaxed, and the development take some other course, but 
it is usually relaxed with extreme slowness, and after many generations 
have passed. 

If inheritance were perfect, the individual would take exactly the 
same course in development as its ancestors. That it does not do this 
in all cases is, as Griggs points out, a more remarkable fact than that in 
other cases it should follow the ancestral mode of development so closely. 
Griggs explains the loss of inheritance as due to a progressive condensa- 
tion of the ontogeny by the “omission of more and more of the super- 
fluous ancestral stages.” This is the well-known law of acceleration or 
tachygenesis. Like most embryologists, however, he misconceives the law, 
as shown by the foot-note quoted above. Embryologists are especially 
prone to limit the law of acceleration in development to the skipping or 
omission of steps, and the consequent shortening of development. This is 
not in keeping with the views of Hyatt, who first definitely formulated 
the law; and, as all paleobiologists know, it is not in keeping with the 
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facts. Hyatt (31) says: “All modifications and variations in progressive 
series tend to appear first in the adolescent or adult stages of growth, 
and then to be inherited in successive descendants at earlier stages ac- 
cording to the law of acceleration, until they either become embryonic or 
are crowded out of the organization and replaced in the development by 
characters of later origin.” A more concise statement of the law is as 
follows: “The substages of development in ontogeny are the bearers of 
distal characters in inverse proportion and of proximal characters in 
direct proportion to their removal in time and position from the proto- 
conch, or last embryonic stage” (31). 

According to the definitions just quoted, acceleration involves not 
only the omission of characters, in some cases (and this is the only sort 
of acceleration that most embryelogists seem to recognize), but it involves 
also condensation without omission, by crowding more into a given por- 
tion of the ontogeny, or again by “telescoping” of characters, as Grabau 
(25) calls it, so that characters that originally appeared in succession, 
come to appear simultaneously. In other words acceleration may be by 
climination, by condensation, without change in the order of appearance of 
characters, or, third, by telescoping. The latter is condensation with 
change in the order of appearance, or as commonly expressed, unequal 
acceleration. It is probable that paleobiologists have erred in giving too 
much emphasis to the principle of earlier inheritance, involved in the 
law, just as embryologists und morphologists have erred -in entirely neg- 
lecting this phase of inheritance. As conceived by the paleobiologist, the 
law of acceleration is an explanation of recapitulation, as well as an ex- 
planation of the failure to recapitulate. 

Another factor in inheritance has been given the name of retardation 
by Cope (15). By the operation of this factor, characters that appear 
late in the ontogeny may disappear in descendants because development 
terminates before the given character is reached. In this way, it is con- 
ceived, the ontogeny may be shortened and simplified, and many ances- 
tral characters lost entirely. The result of the continued operation of 
retardation would be retrogression. That is, the given form, if it con- 
tinued to repeat the remoter ancestral stages in the early part of its 
ontogeny, and continued at the same time to drop off the later ancestral 
stages, by failing to proceed far enough in its development, would ulti- 
mately come to resemble the remote rather than the nearer ancestors. 


Manifestly the retarded forms do not recapitulate the lost characters, so 
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that here, also, as in the omission of characters in the earlier stages of 
ontogeny, the heritage is incomplete. 

Of the complications of inheritance that arise from larval adapta- 
tions, intra-uterine adaptations, and special adaptations arising in later 
life, I shall not speak. All of these have been repeatedly discussed (see 
for example Smith 57), and are well understood. gainst all of these 
the paleobiologist must be on his guard. All of these factors tend to make 
the parallelism between ontogeny and phylogeny inexact, as long ago 
pointed out by Cope (15). Yet in spite of the operation of these factors, 
the cases in which there is clear evidence of recapitulation are so numer- 
ous, and so well known to the paleobiologist, that were it not for the 
continually reiterated statements of certain embryologists that there is 
no such thing as recapitulation, I should hesitate to again point them 
out. I shall now take up the evidence according to the groups of or- 
ganisms in which it has been ascertained; and I once more remind the 
reader that most of this evidence applies to the epembryonic and not to 


the embryonic stages. 
le 


Cephalopoda.—lle only existing representative of the great group 
ot Tetrabranchiata, the class to which nearly all of the fossil cephalopods 
belong, is the Nautilus. The genus Nautilus is a striking example of the 
persistence of a primitive type. It belongs to the more primitive branch 
of the tetrabranchs, from which, according to all the evidence, the marvel- 
ously complex ammonities, on the one hand, and the modern naked cepha- 
lopods are descended. Nautilus is the only tetrabranch of which the 
entire ontogeny, including the embryonic stages, is known. 

This lack, however, in the case of the fossil genera is not as serious 
as might be supposed, for the reason that even in these ancient forms all 
of the growth stages from the latest embryonic (phylembryonic) stage to 
the adult are preserved in every complete individual shell. An inspection 
of the Nautilus shell makes this at once apparent, for the earlier stages 
of the shell are surrounded and protected by the later, and no part of 
the shell is lost or resorbed. In the straight and loosely coiled shells 
only, such for example as Orthoceras, Cyrtoceras, etc., is the case different ; 
and even here, barring injury, or the dehiscence of the earlier chambers, 
every post-embryonic stage is preserved. From a study, therefore, of a 
single shell, we are able to make out perfectly all of the epembryonic de- 
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velopment in that part of the organism that was most vitally affected by 
the environment, and which must therefore indicate most perfectly the 
lines along which the evolution proceeded. 

If the initial portion of the shell of Nawtilus be examined, it will be 
found to be characterized by a scar or cicatrix. In the same region of 
the shells of ammonites and some Nautiloidea (Orthoceras), instead of this 
cicatrix, there is present a minute, bulbous or bag-like shell, attached to 
the apex of the shell proper. If in the case of Orthoceras, as shown by 
Hyatt (31), this bulb, or protoconch be broken away, there is exposed a 
sear (cicatrix) precisely similar to that of Nautilus. The initial shell or 
protoconch is therefore substantially the same in all of the Tetrabranch- 
iata, and is supposed to point to a “‘septa-less and chamberless form simi- 
lar to the protoconch” as the common ancestor of these two great divisions 
of the Tetrabranchiata; and possibly, as Hyatt suggests of the Cephalo- 
poda, Pteropoda and Gastropoda (31). The protoconch represents the 
latest of the true embryonic stages, namely the phylembryo. 

Succeeding this early stage are the stages of the shell proper.’ In 
Nautilus the early nepionic portion of the shell, which includes the forma- 
tion of the first three septa, is only slightly curved (cyrtoceraform). Up 
to the stage of the formation of the second septum, the shell is in fact 
nearly straight (orthorceraform). The first septum has an apically di- 
rected caecum, and the second septum an apically directed closed tube, 
the closed apical end of which fits into the caecum of the first septum. 
This tube is the beginning of the siphuncle. Since the tube fits closely into 
the caecum, the two together form a continuous tube, in which the apical 
end or bottom of the siphuncular tube forms a partition or septum, so 
that as Hyatt points out, the resemblance “of this early stage to the adult 
structures of Diphragmoccras becomes perfectly clear.” (31) 

In the later nepionic stages (i. e., after the formation of the third 
septum) the shell is rather sharply bent (the gyroceran curve), so that 
near the close of the first volution the whorl is brought back into contact 
with the apex of the conch. This manner of growth results in leaving 
an empty space or umbilical perforation between the two halves of the 
first volution. In the ancient coiled Nautiloidea there appears at the be- 
ginning of this (neanic) stage, when the whorls come into contact, a de- 


1The stages from this point on are termed by Hyatt (31), and following him 
by practically all paleobiologists at the present time, the nepionic, neanic, ephebic 
and gerontic stages; meaning respectively, the infantile, youthful, mature and old 
age stages of growth. 
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pression or groove in the dorsum of the whorl, where it rests against the 
venter of the preceding whorl. This is the impressed zone. In the mod- 
ern Nautilus, however, this furrow or impressed zone begins in the early 
nepionic stage, before the whorls have come into contact. This occurs 
also in the nautilian shells of the Carboniferous, Jurassic, Cretaceous and 
Tertiary. 

Of this truly remarkable feature of cephalopod development, Hyatt 
says: “When one ascends in the same genetic series to the more special- 
ized nautilian involved shells this purely acquired character becomes, 
through the action of tachygenesis, forced back, appearing as a rule in 
the nepionic stage before the whorls teuch. It is therefore, in these forms 
entirely independent of the mechanical cause, the pressure of one whorl 
upon another, which first originated it. One need only add that this 
configuration of the dorsum is never found in the adults of any ancient 
and normally uncoiled shells, so far as I know, nor so far as have been 
figured.” (31) 

Without reviewing any of the further interesting details of the on- 
togeny of Nautilus, enough has been said to make it evident that if there 
is any truth in recapitulation, the development of Nautilus would indicate 
(distegarding the protoconchal characters) an ancestral line that con- 
tained, first straight or slightly arched, then loosely coiled, and finally 
closely coiled shells, and that the earliest of these possessed a septate 
siphuncle. That the geological series of shells indicates the same thing 
every paleontologist knows perfectiy well. The development of Nautilus 
also affords one of the most perfect illustrations of the law of tachygene- 
sis, in the earlier inheritance of the impressed zone, known in the whole 
animal kingdom. 

One further illustration, from the Cephalopoda, of the parallelism of 
ontogeny and phylogeny must suffice. This illustration is drawn from the 
genus Placenticeras, one of the complex Ammonites of the Cretaceous. ‘The 
development of this genus has been beautifully worked out by Professor 
J. P. Smith (58). The species P. pacificum comes from the Chico forma- 
tion of the Upper Cretaceous. The following account applies to the de- 
velopment of this species and is drawn from the paper by Smith, cited 
above. 

The earliest shelled stage was probably passed before the animal was 
hatched. This is the protoconch or phylembryo. It is a smooth, oval, 
bulbous body, similar to that of all the later ammonites. It probably rep- 
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vesents an “adaptive form, due to life in the egg, and does not represent 
any ancient ancestral genus, for none of the early cephalopods were 
shaped like this.” 

“With the formation of the first septum, the young ammonite has taken 
its place among the chambered cephalopods, and has become, for the time 


being, a nautiloid, although it is not possible . . . . to correlate it 
With “any special genus, = =. = “he first-septum > 3°. 2 sishneus 


tilian in character, but the siphuncle begins inside the protoconch with 
a siphonal knob, or caecum, and the protoconch itself is calcareous. These 
are two characters that the nautiloids even to this day, have never yet ac- 
quired. . . . . We have in this stage ammonite characters pushed 
back by unequal acceleration [telescoping], until they occur contempo- 
raneously with more remote ancestral characters.” 

There is no sign of an umbilical perforation as in the Nautilus, de- 
scribed above, a facet which again shows the degree of acceleration of 
these ammonites. 

With the second septum the ammonite characters are assumed. The 
shell at this stage is “distinctly goniatitic,”’ but also possesses characters. 
introduced by acceleration, that belong to later genera. The evidence 
indicating the goniatitic as well as later stages to be mentioned, is mainly 
the character of the suture lines. “At about five-eighths of a coil... . 
the larva has reached a stage correlative with the goniatites of the Upper 
Carboniferous.” This stage is quickly passed, and the goniatitic char- 
acters are lost and characters transitional to the ammonite stage make 
their appearance. “At one and one-twelfth coils the shell is transitional 
from the glyphioceran stage to what resembles closely the genus Nannites 
of the Trias.” In regard to this stage Smith says: “If it had not been 
said that this was a minute shell taken out of an older individual, any 
paleontologist would refer it without hesitation to the Glyphioceratide, 
and probably to . . . . Pronannites, of the Lower Carboniferous.” 
This stage lasts about one-half revolution. 

In the neanic stage, at one and seven-twelfths coils, the shell re- 
sembles very strongly Cymbites, or some related genus of the Lower Ju- 
rassic. The first signs of shell sculpture occur in this stage. ‘In the 
next stage the sculpture becomes stronger, and the shell assumes a de- 
cidedly aegoceran appearance. From two up to two and one-quarter coils, 
the shell resembles in most respects the stock to which Perisphinctes be- 
longs, and this is accordingly called the perisphinctes stage. During this 
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stage the sides of the shell become more flattened, and the abdominal 
shoulders squarer, the varices frequent, and strong intermediate ribs ap- 
pear on the sides and abdomen. 

In the next (Cosmoceras) stage “the ribs no longer cross the abdo- 
men, but end in tubercles on the abdominal shoulders, forming well de- 
fined shoulder keels, with a furrow between them.” Near the beginning 
of the fourth coil the ribs are reduced to mere faint undulations and fine 
sickle-shaped striae on the sides of the umbilicus, while the external tu- 
bercles become almost obsolete, forming mere notches on the continuous 
abdominal keels. Specific characters begin to appear here. This may be 
taken as the beginning of the Hoplites stage. The septa have not reached 
the complete development of the genus. 

The umbilical knots begin at this stage, and growing stronger, become 
a characteristic feature of the adult Placenticeras. “Placenticeras pacifi- 
cum at this stage is wholly unlike P. californicuwm, with which it is asso- 
ciated, being much more compressed and discoidal, with narrow abdo- 
men, flatter sides, much less distinct sculpture, and narrower umbilicus, 
although in the earlier adolescent periods both species are very much 
alike.” The shell passes from this stage by gradual changes into the adult 
Placenticeras. 

Professor Smith’s conclusions are of especial interest. He says: ‘The 
development of Placenticeras shows that it is possible, in spite of dog- 
matic assertions to the contrary, to decipher the race history of an animal 
in its individual ontogeny.” 

‘for further illustrations of recapitulation among the Cephalopoda, the stu- 
dent should consult the following papers: Branco, W., Beitriige zur Hntwicklungs- 
geschichte der fossilen Cephalopoden, Paleontographica, vols. xxvi, xxvii, 1879, ’SO. 
Buckman, 8S. 8., Monograph of the Inferior Oolite Ammonites, Paleontographical 
Society, 1887-'96. Hyatt, A., Paralellism of the individual and the order among 
tetrabranchiate Moliusks, Mem. Bos. Sec. Nat. Hist., vol. i, 1866; Fossil cephalo- 
pods of the Museum of Comparative Zoology, Bull. Mus. Comp. Zool,, vol. iii, 1872; 
Genesis of the Arietidxe, Smithsonian Contr. to Knowl., vol. xxvi, 1889; Phylogeny 
of an acquired characteristic, Proc. Am. Phil. Soc., vol. xxxii; Cephalopoda, in 
Test Book of Paleontology by Zittel (HMastman trans.), 1899. Hyatt, A., and Smith, 
J. P., Triassic cephalopod genera of North America, U. S. Geol. Surv. Prof. Paper 
No. 40, 1905. WKarpinsky, A., Ueber die Ammoneien der Artinsk-Stufe, Mem. Acad. 
Sct. Imp. St. Petersburg, vol. xxxvii, No. 2, 1889. Neumayr, M., Die Ammoniten 
der Kreide und die Systematik der Ammonitiden, Zeitschr. der Deutch. Geol. Ges., 
1875; Ueber unvermittelt auftretende Cephalopodentypen im Jura Mittel-Europas, 
Jahrb. d. K. K. Geol. Reichs. Wien, vol. xxviii, 1878. Smith, J. P., The development 
of Glyphioceras and the phylogeny of the Glyphioceratide, Proc. Calif. Acad. Sci., 
(3) Geol., vol. i, 1897; The Development of Lytoceras and Phylloceras, Jbid., 
1898; Larval stages of Schloenbachia, Jowr. Morphology, vol. xvi, 1899; The Car- 


boniferous Ammonoids of America, Monog. U. 8. G. S., No. xlii, 19083. Wiirtenburger. 
R., Studien tiber die Stammgeschichte der Ammoniten, Leipzic, 1880. 
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Pelecypoda.—The classic memoir of Jackson (32) on the phylogeny 
of the Pelecypoda brings together numerous illustrations of recapitula- 
tion among the members of this class of animals. Jackson’s conclusions 
are well-known, and I shall therefore review them very briefly. 

From a study of a large number of genera representing widely diver- 
gent members of the Pelecypoda, Jackson concludes that there is present 
throughout the group an embryonic shell, which he calls the “prodisso- 
conch” (a term correlative with the term protoconch of the Cephalopoda 
and Gastropoda), and which is a simple bivalved, equivalve shell. At this 
(phylembryonic) stage of development there are two adductor muscles, 
even in genera in which the adult have only one adductor. That is, the 
prodissoconch is dimyarian even though the adult animal may be mono- 
myarian. In the Aviculidze and their allies (Ostrea, Avicula, Perna, Pec 
ten, Plicatula, Anomia) the prodissoconch very closely resembles in form 
the primitive genus Nucula. The anatomical characters of the prodisso- 
concb also bear out this resemblance. It is therefore inferred that some 
such type as Nucula is the primitive ancestor of the Aviculidze, and pos- 
sibly ef the Pelecypoda. The paleontological and anatomical evidence 
supports this conclusion. 

We have here, then, in the Aviculidze and their allies, a group of 
monomyarians, some of them, as Ostrea, Plicatula, and Anomia, of very 
aberrant form, the representation in the ontogeny of a dimyarian stage, 
which, from all the evidence, actually characterized the adults of the 
ancestors of the group. Whether or not Nucula is the actual ancestor of 
this group of pelecypoda, it is quite certain that the earliest pelecypods 
were of the same general form as the prodissoconch, and that they were 
dimyarian. 

In the same paper Jackson has shown in a masterly manner that 
the ostreaform shape of the shell, which characterizes many more or less 
widely separated genera of pelecypods, is due to “the mechanical con- 
ditions of direct cemented fixation.” ‘These ostreaform shells are very 
variously derived, and should, if there is anything in the theory of re- 
capitulation, each show in the young stages, before the valves have be- 
come fixed, the distinctive adult characters of its particular ancestor. In 
this case we are relieved from the danger of arguing in a circle by the 
fact that the genetic relations of most of the forms are fairly well known 
frou: lines of evidence other than the ontogeny. The following specific 
cases cited by Jackson are of especial interest. 
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Mulleria lobata, a member of the Unionide, “is so remarkably like an 
oyster (in the adult) that it has been called the fresh-water oyster. In 
the monomyarian adult . . . . the shell is rough and irregular with 
a deer attached and flattish free valve, and a specimen in the Museum of 
Comparative Zoology is indistinguishable in shape from forms commonly 
found in Ostrea virginiana... . . . The young shell of Mudlleria 
. . . . is Anodon-shaped, equivalvular and dimyarian as described by 
authors.” 

Hinnites is another genus which has the ostreaform adult. “In the 
young it is free and pectiniform, but in the adult . . . . so close 
is the likeness to an oyster that in the synonomy of the genus it has been 
named Ostrea and Ostracites.” In Hinnites cortesi of the Tertiary, in 
the neanic stage, the right valve is purely pectiniform. “It has the well- 
deyeloped ears, deep byssal sinus, and an evenly plicated shell which at 
this stage is nearly or quite equivalvular.” With the period of attach- 
ment a most marked change in the valves takes place and the adult be- 
comes deeply concave (in the right attached valve) and highly ostrea- 
form. The byssal notch is filled up and “completely wiped out of exist- 
e1ice.”’ 

In genera such as Ostrea and Plicatuia, where fixation takes place 
at the close of the prodissoconch stage, the succeeding stages give very 
little indicaticn of the ancestry, owing to the extensive modification of the 
shell as soon as fixation takes place. According to Dall Ostrea is derived 
from the Pteriide. 

Spondylus is another genus in which cementation has caused exten- 
sive modification of the valves in the adult. Fixation takes place at the 
close of the pepionic period. ‘Therefore this genus may be expected to 
afford some evidence of recapitulation. The first nepionic stage of Spon- 
dylus is decidedly pectiniform. It has a long hinge-line and a deep byssal 
sinus. After fixation, in the first stages of irregular growth, the byssal 
notch is soldered over, and eradicated in a manner similar to Hinnites. 

Another illustration of recapitulation among the Pelecypoda is the 
case of Pecten itself. Of this genus Jackson says: ‘In the development 
of the modern Pecten we find in the first stages of dissoconch growth a 
form of shell . . . . presenting characters which make it referable 
in ancestral origin to Rhombopteria, a member of the true Aviculide, later 
succeeded by a growth . . . . bearing marked features referable in 
origin to an ancestral genus Pterinopecten. . . . . Still later a stage 
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exists . . . . which is referable in its inherited form to Aviculopec- 
ten, and finally the true Pecten features characteristic of the adult... . 


are established. The geological sequence of these several groups is in the 
order indicated by the development of Pecten. We have, therefore, a 
clear case of the ontogeny of an individual illustrating the phylogeny of 
the group.” 

Gastropoda.—For studies of the Gastropoda in which growth stages 
have especially been taken into consideration we are indebted chiefly to 
Grabau (22, 23, 24, 25) and Burnett Smith (53, 54, 55, 56). My illustra- 
tions of recapitulation among the members of this class will be drawn, 
therefore, from the writings of these two authors. 

It is commonly known that the apical whorl of the gastropod shell 
may differ materially from the succeeding portions of the shell (conch), 
being smooth and without ornament in cases where the conch is highly 
sculptured, or in some forms, as Acmaea and Crepidula, being coiled, al- 
though the adult shell is patelliform and non-coiled. To this apical whorl 
the name “protoconch” has come to be applied, a name which, as we have 
already seen, is also applied to the embryonic shell of the Cephalopoda. 
Grabau (22) has suggested the use of the name “protorteconch” in place 
of protoconch for the initial shell of the gastropods. 

The protoconch of the existing Gastropoda is more variable than 
that of the Cephalopoda, as would be expected from the highly specialized 
nature of most of the extant representatives of the class. In most cases 
there is no definite line of demarkation between the protoconch and the 
conch, but in a few cases, as in /usus, ete., the “end of the protoconch is 
strongly marked by the existence of a pronounced varix and an abrupt 
change of ornamentation.” (22) ‘The early whorls of the protoconch 
. . . . are smooth rounded coils of the type found in adult Natica. 

, In the majority of cases the initial whorl is minute, while the 
succeeding ones enlarge gradually and regularly. In some types the in- 
itial whorl is large and swollen. . . . This type of protoconch has 
been termed ‘bulbous’ by Dall (19). The naticoid form of protoconch 
is in general umbilicated, and it is probable that at least the earlier por- 
tion of the protoconch is umbilicated in the majority of gastropods. 

“Irom the characters of the initial whorls of the protoconch we may 
argue that the radicle of the coiled gatropods must have been a naticoid 
type with a well-marked umbilicus. Such a type is found in Straparollina 


remota Billings, one of the earliest coiled gastropods of the Htcheminian 


or Lower Cambrian of the Atlantic border province of North America. 
That it is not the most primitive type of gastropod is suggested by the con- 
sideration that the earliest stage . . . . of the protoconch is not 
coiled, but rather cap-shaped like modern Patella. Such primitive types 
are found in Lower Cambrian species which have yariously been referred 
to Platyceras, Scenella, or Stenotheca, owing to the want of sufficient 
characteristics to define their exact relations.” (22. 

From the above it appears that the early protoconch stages indicate 
an aneestor of the simple, smooth shelled, umbilicated type exemplified by 
Straparollina, and that this is actually the only type of coiled gastropod 
characteristic of the basal Cambrian. It is also likely from paleontolog- 
ical evidence that the very earliest type of gastropod possessed a conical 
or cornucopia-shaped shel} of the Scenella type... Such an ancestry is, 
according to Grabau, suggested by the cap-shaped earliest stage of the 
protoconch.? 

One of the most completely worked-out cases of recapitulation among 
Gastropoda that has come to my knowledge is that of the races of Athleta 
petrosa Con. and its allies. The phylogeny of this group of gastropods 
has been very fully studied by Burnett Smith (54), from whose paper 
the following account is dvawn. 


1Sardeson (50) suggests that the gastropod ancestor was an ‘asymmetrical 
long conical shell’ of the pteropod type. He may be right, but even so, I do not 
see that his conclusion would in the least invalidate the conclusions of Grabau in 
regard to the phylogenetic significance of the protoconch, although Sardeson seems 
to think so. Grabau says very plainly that the coiled shell is probably not the 
most primitive type of shell, and he points out the fact (quoted above) that the 
initial portion of the protoconch is cap-Shaped and may indicate some such remote 
ancestor as the Cambrian forms referred to the genera Platyceras, Stenotheca, and 
Scenella. Whether this patelliform ancestor was in turn derived from a long 
conical shell, or whether on the other hand the coiled type of shell was derived 
directly from the “long conical’’ shell without the mediation of a _ patelliform 
ancestor, does not materially affect the conclusions that at a very remote time 
a coiled gastropod radicle was established from which practically all modern 
gastropods were derived. To my mind the conclusion that the ultimate ancestor 
of the Gastropoda was a “long conical” shell is by no mears established. 

2 Burnett Smith (55) concludes from a study of the Tertiary species of the 
genus Athleta that ‘“‘we can say for this restricted normal group at least that the 
apex is not only a variable feature, but the most variable feature which the shells 
furnish.” In a footnote he says “The author is thoroughly convinced that the 
features of the apex must be used in classification with great caution.’’ The varia- 
tions which he cites in this and other papers (54, 55, 56) seem to be chiefly in 
the size of the protoconch, and the degree to which acceleration has caused conchal 
characters to appear in the later protoconchal stages. His caution, however, in 
regard to the classificatory value of the protoconch, should put students of the 
gastropods on their guard against a too free use of this portion of the shell in the 
establishing of genera. 
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The species under consideration occur in the Gulf Eocene, extending 
nearly throughout it. They have heretofore been referred to the genus 
Volutilithes, but are placed by Smith (55) in the genus Ath/eta. Smith 
states that the material at his disposal was very complete, and enabled 
him to study large series of individuals, very carefully collected with ref- 
erence to horizon. The stratigraphy of the formations from which they 
came is also well understood. These favorable conditions of study, it may 
be remarked, are especially iniportant in the present connection, because 
they enabled Smith to trace out the evolution of the forms practically 
continuously from zone to zone, without being chiefly dependent on onto- 
geny for indications of their relationships. Another fortunate circum- 
stance is the fact that this author is disposed to use the evidence from 
ontogeny with the utmost discretion, everywhere checking it by an ap- 
peal to the morphological and geological series. 

In the forms under consideration, the first two or three whorls are 
smooth and rounded, constituting the smooth or protoconchal stage. “The 
first ornamental feature to appear on the smooth, rounded whorl! is the 
transverse rib, that is, a slight elevation of the whorl which runs across it 
from suture to suture. These early ribs are invariably curved slightly, 
and each one is simple and uniform from suture to suture. The curved 
ribs persist as a rule for about a quarter or a half of a whorl, or even 
for a much “less space .-. .' .. THe curved rib stage << .) Siiebes 
been found in every species and race dealt with in this paper. The curved 
ribs, after about one-third of a whorl, change abruptly into the straight 
ribs of what has been designated the cancellated stage.” 

“The cancellated condition is found more or less well developed in 
all the different races. In the primitive races it may persist as a con- 
stant feature to the end of the individual’s life; but in most forms it 
covers only a few whorls and is more variable than the preceding curved 


rib stage. The end of the cancellated stage is much less definite than 
the beginning. It is followed by the “spiny stage.” In this stage the 
shoulder tubercle is sharp and spine-like. Other tubercles have disap- 
peared, and this portion of the shell is therefore no longer cancellated. 
Succeeding the spiny stage, there may be a senile stage. 

In the base of the Eocene at Matthew’s Landing, Alabama, occurs a 
species, Athleta limopsis, which from its primitive characters, and its po- 
sition at the base of the Eocene, Smith regards as the ancestor of the 


races and species which he deals with in his paper. This form presents 
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no stages later than the cancellated stage. There is also very little in- 
dividual variation. Associated with A. limopsis is the species A. rugatus. 
In its earlier stages this species very closely resembles A. limopsis, but 
“differs radically .. . : from that form with the progress of its 
ontogeny.” In its later whorls it presents evidence, though not extreme, 
of senility. It has no spiny stage. 

The next species A. petrosa, represents an assemblage of races con- 
nected by many intergrading forms. These races range upward from the 
Nanfalia beds to the Jackson beds of the Eocene. Several of them are 
senile races, and in the adult strikingly different from the ancestral form, 
A. limopsis. Smith says, however, that the young of all the races ‘are 
remarkably uniform and constant. The early whorls indicate clearly that 
they are all descended from a cancelated ancestor, and bear a strong re- 
semblance . . . . to the characters of A. limopsis.” Some of the 
senile races of petrosa are profoundly modified in the adult, as for ex- 
ample, the Hatchetigbee race, derived from the main stock through the 
Bells Landing and Wood's Bluff races. Yet their derivation from the 
main stock is shown by intermediate forms, and the young of the terminal 
races greatly resemble the ancestral form. In the Jackson race, which is 
the terminal member of the main stock, the last two whorls are spiny, 
and the last whorl shows some senile characters at its close. “This race 
shows a regular and even ontogeny.” Acceleration has carried the curved 
rib stage back to the beginning of the third whorl, whereas in the an- 
cestral A. limopsis this stage begins near the close of the fourth whorl. 

Smith has graphically expressed the main developmental and phylo- 
genetic changes in the following diagram: 
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In the above diagram the figures across the top stand for the number 
of the whorl of the shell, and the letters indicate the different ontogenetic 
stages as follows: 
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A—Smooth stage. 
B—Curved rib stage. 
C—Cancellated stage. 
D—Spiny stage. 
—Senile stage. 
I—Individual variation. 

The acceleration of the Jackson race is beautifully brought out in 
this diagram, and as its correlative, the recapitulation in the earlier onto- 
geny of the later races, of the adult characters of the ancestral race. The 
individual variations may occur on any part of the shell, but usually fol- 
low stage C.} 

Brachiopoda.—Among the members of this class there is a wealth of 
illustrations of recapitulation. I can only select a few cases that have 
been worked out in such a way that the relationships of the forms are in- 
dicated by the morphological and geological series as well as by the on- 
togeny. The pioneer student of the correlation of ontogeny and phylogeny 
among the brachiopods was Beecher, whose refined researches in paleo- 
biology haye never been excelled and rarely equaled. 

The developing brachiopod, in the later embryonic stages, secretes in 
the mantle on opposite sides of the body two shell plates, which by periph- 
eral growth ultimately meet at the edges and form the initial shelly 
investment of the animal. This initial shell to which Beecher has given 
the name “protegulum” (6) is of very simple form, consisting substan- 
tially of two convex plates of semicircular plan, gaping at the posterior 
straight edges. Through this gap between the two valves the pedicle 
(organ of attachment) projects. At first the pedicle occupies the full 


width of the valves, but subsequent peripheral growth of the shell with- 


‘For additional studies of the gastropoda from the developmental standpoint 
see the following: Joken, E., Ueber der Gastropoden yom Cambrium bis zur Trias., 
Jahrb. fiir Mineral. Geol. u. Pal., 1889, Beil. Bd. vi. Linden, Griifen M. von, 
Die Entwicklung der Skulptur und der Zeichnung bei den Gehausschnecken des 
Meeres, Zeitschr. Wiss. Zool., vol.. lxi, 1896. Grabau, A. W., Studies of Gastro- 
poda II, Fulgaur and Sycotypus, Am. Nat., vol. xxxvii, 1908: Phylogeny of Fusus and 
its allies, Smithsonian Miscell. Coll., vol. xliv, 1904; Studies of Gastropoda III 
on Orthogenetie variation, 1m. Nat., vol. xli, 1907. Smith, Burnett, Phylogeny 
of the species of Fulgur with remarks on an abnormal specimen of Fulgur canal- 
iculatum and sexual dimerphism in Fulgur carica, Proc. Acad. Nat. Sci. Phila., vol. 
liv, 1902; Senility among Gastropods, Proc. Acad. Nat. Sci. Phila., vol. lvii, 1905; 
Phylogeny of the races of Volutilithes petrosus, Proc. Acad. Nat. Sci. Phiia., March, 
1906; A new species of Athleta and a note on the morphology of Athleta petrosa, 
Proc. Acad. Nat. Sci. Phila., May, 1907; A contribution to the morphology of 
Pyrula, Proc. Acad. Nat. Sci. Phila., May, 190T. 
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out corresponding enlargement ef the pedicle, leaves the latter restricted 
to a noteh (delthyrium) in the posterior margins of the valves, providing 
the peripheral growth is about equal on all anterior and lateral radii. 
If the shell growth is greater in the anterior direction, the shell becomes 
pointed, the pedicle (posterior) end remaining of about the original 
width. If the shell growth is mainly in the lateral directions, the shell 
becomes wide, with a long straight hinge, of which the pedicle opening 
forms a very small proportion. Whatever may be the later growth of the 
shell, all the earlier stages are preserved, except in cases where the beaks 
are injured or resorbed by the encroachment of the pedicle in adult and 
senile stages. The growth of the shell is entirely by additions at the mar- 
gins or on the inner surface. It follows that the protegulum may in ex- 
ceptionally well preserved material be seen intact at the beaks of the 
adult shell. It is often seen at the apices of young shells. 

Searching for the phylogenetic significance of the protegulum, Beecher 
(6) ascertained that certain of the earliest known brachiopods approxi- 
mate very closely in form to the protegulum, and he selected the genus 
Paterina (I[phidea) as the radicle of the class. It has since been shown 
that Paterina is not the most primitive known brachiopod. It is still 
true, however, that the most primitive brachiopods known are of the 
same general form and type as Paterina, in fact they approximate more 
closely, if anything, than that genus, to the form of the protegulum. It 
may be very safely concluded, therefore, from the geslogical evidence, 
that the primitive brachiopod was actually of the type indicated by the 
protegulum. 

Beecher says of Paterina: “In mature specimens, all lines of growth, 
from the nucleal shell to the margin, are unvaryingly parallel and con- 
centric, terminating abruptly at the cardinal line. In other words, no 
changes occur in the outlines or proportions of the shell during growth, 
through the nepionic and neanic stages up to and including the com- 
pleted ephebic condition. The resemblance of this form to the protegulum 
of other brachiopods is very marked and significant, as it represents a 
mature type having cnly the common embryonal features of other genera.” 

Among the Brachiopoda, as among the Pelecypoda there are a number 


of forms in which the condition of very close fixation or of burrowing has 

1 Walcott (62) seems to reserve this distinction for his genus Rustella. Pater- 
ina is by him made a subgenus of the genus Micromitra. These forms are all 
placed in the superfamily Rustellacea. 
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given rise to extremely aberrant types. One of the most extreme of these 
types is the genus Proboscidella. The adults of this genus bear a very 
marked resemblance to the Pelecypod genus Aspergillwm. In the early 
neanic stages Proboscidella resembles an ordinary Productus, from which 
genus the type is known to have descended. Orbiculoidea is a genus 
originating in the Ordovician, and extending through the Mesozoic, The 
first stage is paterina-like, the second resembles Obolella, the third is like 
Schizocrania, and adult growth brings in the characters of Orbiculoideda. 
The geological order of these genera is the same as the ontogenetic order 
of Orbiculoided. 

Ot Orbiculoidea and its allies Beecher (7) says: “The early stages 
of Paleozoic Orbiculoidea have straight hinge-lines and marginal beaks, 
and in the adult stages of the shell the beaks are usually subcentral and 
the growth holoperipheral. This adult discinoid form, which originated 
and was acquired, through the conditions of fixation of the animals, has 
been accelerated in the recent Discinisca so that it appears in a free-swim- 
ming larval stage. Thus a character acquired in adolescent and adult 
stages in a Paleozoic species, through the mechanical conditions of growth, 
appears by acceleration in the larval stages of later forms before the as- 
sumption of the condition of fixation which first produced this character.” 

In the higher genera of the Terebratellidze, the ontogeny recapitulates 
the phylogeny with remarkable fidelity, as pointed out by Beecher (7). 
This example has become Classic, so that it is scarcely necessary to re- 
peat the details. I shall give Beecher’s conclusions in his own words. 
He says: “In each line of progression [the austral and boreal subfami- 
lies| in the Terebrateilidze, the acceleration of the period of reproduction, 
by the influence of environment, threw off genera which do not go through 
the complete series of metamorphoses, but are otherwise fully adult and 
even may show reversional tendencies due to old age; so that nearly 
every stage passed through by the higher genera has a fixed representa- 
tive in a lower genus. Moreover the lower genera are not merely equiva- 
lent to or in exact parallelism with, the early stages of the higher, but 
they express a permanent type of structure, as far as these genera are 
concerned, and after reaching maturity do not show a tendency to at- 
tain higher phases of development, but thicken the shell and cardinal 
process, absorb the deltidial plates, and exhibit all the evidences of 


senility.” 


Raymond (46) has pointed out a number of interesting cases of reca- 
pitulation. The very common and well-known Devonian Spirifer, S. mu- 
cronatus, has the cardinal extremities in the adult very acute (mucro- 
nate), sometimes, indeed, drawn out into needle-like points; while the 
number of plications may be thirty or more. In the neanic stage these 
transversely elongated spirifers pass through forms corresponding to the 
adults of certain Niagara species. The adult of S. crispus, corresponds - 
very closely in shape, number of plications, and shell index with these 
young specimens of S. mucronatus. 

Shimer and Grabau (51) have shown that in the upper part of the 
Hamilton series of Thedford, Ontario, there occurs a variety of NSpirifer 
mucronatus, which though not mucronate at all in the adult, is “extremely 
mucronate” in the neanic stage. At this stage also there is evidence of 
the median plication of the sinus, another charactertistic of the adult of 
the normal S. mucronatus. In the adult of the Thedford variety this 
median plication has disappeared. The geological and morphological evi- 
dence of the derivation of this form of S. mucronatus is complete. 

I have pointed out an exactly similar case in the variety senexr of 
Platystrophia acutilirata (16). This variety occurs in the upper part 
of the Whitewater division of the Richmond series of Indiana and Ohio. 
Platystrophia acutilirata, as is well known, is very mucronate in the 
adult, resembling in its general outline, Spirifer mucronatus. It was in 
fact at first referred to the genus Delthyris (Spirifer). The normal form 
is shown by an unusually closely graded series of intermediate forms to 
be descended from P. laticosta, and it repeats the adult characters of the 
latter very faithfully in its late neanic stage, becoming always more mu- 
cronate as development proceeds. The upper Whitewater form, var. 
sener, frequently has entirely lost, in the adult stages, the acute angula- 
tion of the cardinal extremities, so that the lateral and cardinal edges 
make a right, or nearly a right angle. In the young (neanic) stages of 
P. senex, however, the shell is decidedly mucronate, so that these young 
shells exactly resemble the normal Platystrophia acutilirata of the lower 
Whitewater and Liberty formations. P. senex, it may be remarked, is ¢ 
well defined form, and its derivation from P. acutilirata is beyond ques- 
tion, since it is connected with the latter by every gradation. 

Another interesting case of recapitulation among the brachiopods has 
been worked out with great care by Mr. F. C. Greene (27). In this case 


also 10 pains was spared to ascertain the relationships of the various 
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forms by tracing them continuously from zone to zone, and by a comparison 
of the morphological characters of the adults. The group studied by 
Greene is that of Chonetes granulifer, from the Upper Carboniferous rocks 
of Kansas. Here the forms frem the higher zones repeat in their onto- 
geny the characters of forms from the lower zones with great fidelity. The 
very young stages also recall very forcibly the species of Chonetes from 
the Devonian. Chonetes granulifer is also very interesting from the fact 
that the first hinge-spines appear very much earlier in the ontogeny than 
is the case in the Devonian species studied by Raymond (46), therefore 
showing a considerable degree of acceleration of this character during 
the interval from the Devonian to the Upper Carboniferous. 

Other interesting cases of recapitulation among brachiopods have 
been pointed out by Beecher and Schuchert (12) in the development of 
the brachial apparatus in Dielasma and Zygospira.' 

Trilobita.—Studies of the early stages of the development of trilo- 
bites have been published by Barrande (3, 4), Walcott (59, 60, 61), Beecher 
(8S, 9), Matthew (39, 40, 41) and others, but for indication of the corre- 
lation of the ontogeny and the phylogeny in this class we are almost en- 
tirely indebted to Beecher. In his papers on “Larval Stages of Trilo- 
bites” (8), and a “Natural Classification of the Trilobites” (9), he has 
not only pointed out the remarkable way in which characters are re- 
capitulated in this class, but has also proposed what is probably to be re- 
garded as the most perfect example of a phylogenetic classification of a 
group of organisms, in existence. 

The earliest developmental stage of trilobites that has ever been found 
(barring supposed trilobite eggs) is the larval stage or “protaspis,” as it 
is called by Beecher (8). The protaspis is a minute body of ovate or dis- 


coid shape, and about a millimeter in length. This larval stage has 


1For additional examples of recapitulation among the brachiopods see the 
following: Beecher, C. E., Studies in Evolution (a series of collected papers), 


Scribners, 1901. Zeecher, C. E., and Clarke, J. M., The Development of some 
Silurian Brachiopoda, Mem. N. Y. State Mus., No. I, 1889. Beecher, C. E., and 
Schuchert, C., Development of the shell and brachial supports in Dielasma and 
Zygospira, Proc. Biol. Soc. Washington, vol. viii, 1895. Cumings, E. R., The 
morphogenesis of Platystrophia; A study of the Evolution of a Paleozoic Brach- 
iopod, Am. Jour. Sci., vol. xv, 1905. Raymond, P. E., The developmental change 


in some common Devonian brachiopods, Am. Jour. Sci., vol. xvii, 1904. Greene, 
F. C., The development of the Carboniferous brachiopod Chonetes granulifer, Owen, 
Jour. Geol., vol. xvi, 1908. Buckman, S. S., Homeomorphy among Jurassic 
Brachiopoda, Proc. Cotteswold Nat. Field Club, vol. xii, 1901. 
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been seen in a sufficiently representative series of genera to make it rea- 
sonably certain that it is the common larval type among the trilobites. 

It is pretty well established that the eye of crustaceans has migrated 
from the ventral to the dorsal surface of the cephalon. At an interme- 
diate stage in this process the eyes would appear on the margins of the 
cephalon. If this has been the history of the eye, the most primitive 
larvae should show no evidence of eyes on the dorsal surface, and since 
the eye is on the inner margin of the free cheek, there should be no evi- 
dence of the free cheek. This is exactly the case in the youngest larvae 
ot Ptychoparia, Solenopleura and Liostracus, “which are the most primi- 
tive genera whose protaspis is known. The eye-line is present in the 
later jarval and adolescent stages of these genera, and persists to the 
adult condition. In Sao it has been pushed forward to the earliest protas- 
pis, and is also found in the two known larval stages of Triarthrus. Sao 
retains the eye-line throughout life, but in Vriarthrus the adult has no 
traces of it, and none of the higher and later genera studied has an eye- 
line at any stage of development.” This character according to Matthews, 
is characteristic of the Cambrian trilobites. In its phylogenesis in later 
trilobites it disappears first frem the adult stages, and is finally lost 
from the entire ontogeny. The eyes appear on the margin of the cephalon 
in the last larval stage of Ptychoparia, Solenopleura, Liostracus, Sao, and 
Triarthrus. In the later genera the eyes are present “in all the protaspis 
stages, and persist to the mature, or ephebic condition, moving in from 
the margin to near the sides of the glabella.”’ 

According to Beecher (8S) “A number of genera present adult char- 
acters which agree closely with some of the larval features [of later 
genera]. The main features of the cephalon in the simple protaspis forms 
of Solenopleura, Liostracus, and Ptychoparia are retained to maturity in 
such genera as Carausia and Acontheus, which have the glabella expanded 
in front, joining and forming the anterior margin. They are also without 
eyes or eye-line. Ctenocephalus vetains the archaic glabella to maturity, 
and likewise shows eye-lines and the beginnings of the free cheeks (larval 
Sao). Conocoryphe and Ptychoparia are still further advanced in having 
the glabella rounded in front, and terminated within the margin (larva of 
Triarthrus). 'These facts and others of a similar nature show that there 
are characters appearing in the adults of later and higher genera, which 
successively make their appearance in the protaspis stage, sometimes to 


the exclusion or modification of structures present in the most primitive 


330 


larvae. Thus the larvae of Dalmanites and Proctus, with their prominent 
eyes, and glabella distinctly terminated and rounded in front, have char- 
acters which do not appear in the larval stages of ancient genera, but 
which may appear in their adult stages. Evidently such modifications 
have been acquired by the action of the law of earlier inheritance or 
tachygenesis.” 

Bryozoa.—My studies (17, 18) were the first to show that there is in 
the bryozoan colony a definite recapitulation of ancestral characters, and 
that in this particular the colony behaves as an individual. This same 
fact was very clearly pointed out by Ruedemann (47) two years earlier 
in the Graptolites, and I take pleasure in quoting his very explicit state- 
ment. He says: “Furthermore the fact that the thecze within the same 
colony show a gradation from phylogenetically older to younger forms, 
and therefore analogous to the organ of a growing individual, pass 
through ancestral stages, as, e. g. do the septa of a cephalopod shell, 
demonstrates how closely the zooids of this colony were united into one 
organism, and that practically they were more the organs of an individ- 
ual than the component of a colony. . . . . If the graptolites so 
closely approached the morphologic value of an individual, it may be ex- 
pected that, like an individual, the whole colony has its ontogeny and re- 
passed ancestral stages.” 

My studies, referred to above, brought out the fact that the bryozoan 
colony begins as a minute hemispherical body, the “protcecium” which is - 
the earliest exoskeletal stage of the first. individual of the colony. This 
protecium (basal disc) is very conspicuous in the Cyclostomata, and also 
in the ancient Cryptostomata (as shown in /’enestella).. It can not be 
definitely asserted that the protescium corresponds to any ancestral bryo- 
zoan, but the marked resemblance of the zowmcia of some of the ancient 
Stomatopora of the Ordovician to the protcecium is at least very sug- 
gestive. 

The ancestrula, or first complete individual ef the colony, has long 
been known to present characters more similar to those of ancestral forms 


i] first used the term protecium as the designation of the first individual of 
the colony, and in this sense it would be exactly equivalent to the term anczestrula 
of Jullien. In a later paner (18) I restricted the term to the basal disc (of 
Barrois) which is the calicified wall of the metamorphosed and histolyzed embryo 
in its earliest sedentary stage. Out of this basal dise the first normal individual 
arises by a process stirctly analogous to budding. In this sense, therefore, the 
term protecium is exactly correlative with the terms protegulum, protoconch, 
prodissoconch, etc. 
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than the characters of the ephebastic zocecia (see Nitsche 44, and Pergens 
45). I have succeeded in finding evidence (18) that this is true to a no- 
table extent in the ancient Fenestella, where the tubular ancestrula bears 
a striking resemblance to the simple tubular ephebastic zocecia of the 
Cyclostomata, from which group there is every reason to believe the 
Cryptostomata are descended. 

It is also pointed out by Nitsche and Pergens (loc. cit.) that the 
earlier budding habit of the colony is similar to ancestral types. In my 
own studies I was able to show that the early budding habit is very uni- 
form in the most diverse types of Bryozoa, and that it corresponds to the 
budding habit that prevails throughout the astogeny of the reptant sto- 
matopores. 

In Fenestella my studies indicate that the earlier individuals (nepi- 
astic) of the colony are very different from the adult (ephebastic) indi- 
viduals and are strikingly similar to the ephebastic individuals of certain 
Cyclostomata that are on morphological grounds, as pointed out by Ulrich 
(63), probably ancestral. And again, the early neanastic zocecia of the 
Devonian fenestellas studied are almost exactly like to the ephebastic 
zowcia of the fenestellas of the Niagara series. Unpublished studies in- 
dicate that in the Fenestellas of the Upper Carboniferous the neanastic 
stage is more abbreviated, and that the adult type of zocecia follows more 
closely upon the nepionic type. 

Dr. Lang of the British Museum has published very interesting studies 
of the Stomatoporas and Eleids of the Mesozoic (35, 36, 37), and has come 
independently to exactly the same conclusions as the writer in regard to 
the development of the colony, and the relations of astogeny and phylo- 
geny among the Bryozoa. He says (35), ‘The development of the colony 
is comparable with and follows the same laws as the development of the 
individual.” And again: “Among Jurassic forms of Stomatopora and 
Proboscina it has been found that when any given character, such, for 
instance, as the ratio of the length of the zocecium to its breadth, is fol- 
lowed from the first zocecium to the last, that it has a progressive develop- 
ment, or anagenesis, reaches a maximum, or acme, and often may be seen 
to have a retrogressive development, or katagenesis, in the ultimate 
branches of the zoarium.” 

Lang has paid especial attention to the manner of branching in Juras- 
sic stomatoporas. ‘The nearly universal method of branching in the Juras- 
sic members of this group is by dichotomy. This according to Lang may 
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be by one or other of three types as follows: In type I the two zocecia are 
separate throughout their entire length, only touching at their bases. In 
type II they are contiguous throughont their length, and in the interme- 
diate type they are contiguous for part of their length. To a large extent 
correiated with these types of dichstomy is the angle of divergence of the 
branches. 

In all the Jurassic stomatoporas and in a few proboscinas the first 
dichotomy is according to type I, and at a very wide angle (180°). The 
second dichotomy, in the majority of cases, is also according to type I, 
with an angle of 120°. The next is commonly only 90°, the next 60°, and 
the next 45°. all according to type I. “In primitive [Jurassic] forms the 
branching never gets beyond type I with a small angle. In the majority 
of forms, however, sooner or later the intermediate type of branching comes 
in, and in a great many forms this type is the final one. In a few cases of 
Stomatopora, and in all Proboscina, type Il is at some time or. other 
reached, and remains the ultimate form of branching of the zoarium. This 
sequence namely, Type I—Intermediate type—Type II, is invariably 
followed.” (35). 

In primitive Proboscinad (a genus derived from Stomatopora) the first 
dichotomies are according to type 1. “In the typical forms of Proboscina 
the early stages have been so condensed according to the law of accelera- 
tion (Tachygenesis), that the first dichotomy is formed on type II. 

In the mere advanced types of Proboscinw . . . . the ar- 
rangement of peristomes is irregular from the first.” This is the typical 
arrangement for Bernicea, a derived genus of which Stomatopora and 
Proboscina are the first two terms. It is worthy of notice that while in 
the Jurassic forms of Stomatopora type II is not very common, it is ex- 
tremely common in the Cretaceous forms.’ 

Graptolites—The beautiful researches of Ruedemann in this group 
have shown us, as pointed out above, that the graptolite colony closely 
approaches the morphologic value of an individual, and that. like the in- 
dividual, it presents definite ontogenetic (astogenetic) stages. Ruedemann 
(47) applies to the colonial development the terminology proposed by 


'For studies in the zoarial development of Bryozoa see Cumings, BE. R., The 
development of some Paleozoic Bryozoa, Am. Jour. Sei., vol. xvii, 1904; Develop- 
ment of Fenestella, Am. Jowr. Sci., vol xx, 1905. Lang, W. D., The Jurassic 
forms of the ‘genera’ Stomatopora and Proboscina, Geol. Mag., Dec. v, vol. i, 1904; 
The Reptant Eleid Polyzoa, Geol. Mag. Dec. vy, vol. iii, 1906; Stomatopora antiqua, 
Haime, and its related Liassic forms, Geol. Mag., Dec. v, vol. ii. 1905. 


333 


Hyatt (81). In a later paper, however, he approves the terminology in- 
troduced by me, and proposes to call the development of the colony the 
astogeny (48). 

The embryonic stage of the grajitolites is represented by the initial 
portion of the sicula (first zooid), according to Ruedemann; and Holm 
(29) asserts that the more pointed end of the sicula “corresponds to the 
original chitinous covering of the free zooid germ or embryo.” This in- 
itial part of the sicula, according to Ruedemann, holds a position similar 
to the protoconch of the cephalopod shell. 

In part I of his splendid monograph of the Graptelites (48) of New 
York, at page 530, Ruedemann says: “It has been pointed out in a former 
publication that not only did there exist in the graptolites ontogenetic 
growth stages in the development of the individual zooids, 
but the rhabdosomes in toto and in their parts, the branches, seem also to 
. pass through stages which suggest phylogenetically preceding forms.” 

Of the various ways in which these astogenetic stages express them- 
selves, Ruedemann mentions the following: “The original direction of 
growth of the branches of the Dichograptids: has been in the approximate 
continuation of the sicula, i. e., an ascending erect position as long as 
the rhabdosomes were sessile, on the ground. These became pendant when 
the graptolites attached themselves in a suspended position to seaweeds, 
as numerous hydroids do today. To restore to the zooids their original 

erect position, the branches began now to recurve 
[becoming progressively horizontal, reflexed, reclined and recumbent] 

. . . We find now in the majority of the Dichograptidze with the 

above cited growth directions of the branches, that the latter still retain 
their original dependent direction, in the proximal parts in some species 

while in others by the law of acceleration, the dependent proxi- 
mal direction has already changed into a horizontal one . . . . the 
change in direction becoming progressively more abrupt as the final direc- 
tion of the branches becomes reclined . . . . or recumbent. . 
The branches pass hence, in their development, through different directions 
representing ontogenetic stages that repeat stations in their phylogenetic 
development.” (A48.) 

An analogous fact is found in the character of the thece. ‘A com- 
parison of the form of the thece of the youngest dichograptid genera 


. . . . With that of the older and presumably phylogenetically preced- 
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ing genera . . . . shows that in general the older genera have the 
more tubular, simpler thecze, with the less protected apertural margins. It 
is, hence, apparent that the stolonal or earlier thecee of the rhabdosomes 
represent indeed the older types of thecal form.’ (48.) 

Other Classes.—The case of the larva of Antedon has already been 
referred to. As pointed out by Bather (1), the stem ossicles of the larval 
Antedon are of a complex and specialized type, and in a general way re- 
semble the stem ossicles of the Bourgueticrinidze of the Upper Cretaceous. 
It is held by Bather that the structures of the adult ancestors have been 
pushed back by acceleration to the larval stages of the existing Antedon. 

Recapitulation is also shown in the anal plate of Antedon. The anal 
plate appears between two of the radials and on the same level with them. 
Subsequently it is lifted out from between the radials, and the latter close 
beneath it. Still later the anal plate is resorbed entirely. That this is the 
recapitulation of an adult character and not of a larval character, as con- 
tended by Hurst, is shown by the fact that the oldest crinoids do not possess 
the anal plate at all. It appears from paleontological evidence that this 
plate first appeared above the level of the radials, that it gradually sank 
down between the two posterior radials, and that at a far later period 
(at about the close of the Paleozoic) it gradually passed upward again as 
it does in Antedon, and eventually disappeared. 

Jackson has shown that there is good evidence of recapitulation among 
the fossil echinoids (33). In most regions of the echinoid the develop- 
ment is obscured by the more or less extensive resorption, but the plates 
of the corona may show by their position and number, the course of devel- 
opment. Jackson holds that the introduction of columns of plates, both 
interambulacral, and ambulacral, in J/ceclonites, ete., indicates the stages of 
growth through which the individual has passed in its development. He 
shows that two columns of ambulacral plates “may be accepted as the 
usual characteristic of the whole class, which finds its representative in 
the majority of the adults, in nearly all young, and in the adult of the 
simplest and oldest known type, Bothriocidaris.” 

Interambulacral areas originate ventrally in a single plate. Only one 
genus is known, however, that has a single row of plates in the adult, 
namely Bothriocidaris. This is the simplest known and “perhaps the 


simplest conceivable echinoid.” 
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In Goniocidaris the interambulacral plates of the adult are approx- 
imately hexagonal in form instead of pentagonal. “The relative form 
of the plates in young Goniocidaris is almost exactly the same as in the 
primitive type, Bothriocidaris.” 

“The early stage in which we find a single interambulacral plate, to- 
gether with two ambulacral plates, in each area is so important that it 
is desirable to give it a name, the protechinus stage. The protechinus is 
an early stage in developing Echini, belonging to the phylembryonic period, 
in which the essential features of the echinoid structure are first evinced. 
. . . . This protechinoid stage of Echinoderms is comparable as a stage 
in growth to a similar stage which is expressed in the protegulum of 
brachiopods, the protoconch of cephalous mollusks, the prodissoconch of 
pelecypods, and the protaspis of trilobites.” (33.) 

Miss Smith (Mrs. Alexander Shannon) has shown very conclusively 
the exact resemblance of the form of the young Pentremites conoideus to 
the adult Codaster (52). In Codaster the conical form, narrowest at the 
base and enlarging upward, is maintained throughout life. In Pentremites 
only the early stages of growth have this form, while the adult is broadest 
at the base and narrowest at the top. 

This evidence from development would, according to the theory of 
recapitulation, indicate that Codaster stands in an ancestral relation to 
Pentremites, and it is therefore of importance to the theory that Bather 
(2) from other evidence has independently reached the same conclusion 
as Miss Smith in regard to the relationship of the two forms. 

Among corals Beecher (5) has worked out the development of Pleu- 
rodictyum lenticulare and concludes that the first neanic stage, in the 
manner of growth and the structure of the corallum, is very suggestive of 


, 


Aulopora, and should be given considerable significance.” Girty (21) comes 


to the same conclusion from a study of Favosites forbesi, ete. 
Bernard (14) has shown that the coral cclony in similar fashion to 
the bryozoan colony and the graptolite colony behaves as an individual. 


In another paper (15) he has recognized as the first growth stage of the 

'Bather’s conelusicn was published in 1990, and Miss Smith’s paper in 1906. 
The latter, however, was not aware of Bather’s views as to the relationships of 
these two forms, so that the conclusions of the two workers, arrived at indepen- 
dently and from different lines of evidence are all the more important and conyine- 
ing. Bather says in a review of Miss Smith’s paper that he considers Pentremites 
as the “‘extreme link in the series Codaster—Phaenoschisma—Cryp toschisma—Oroph- 
ocrinus—Pentremitidea—Pentremites.”’ 
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coral skeleton the “prototheka,” or basal cup of the first individual of the 
colony. * 

Lang (38) has written a very suggestive paper on growth stages of 
British species of corals, in which he points out the fact that the onto- 
genetic stages are repeated in each rejuvenescence (branching?), and sug- 
gests that we have here an example of localized stages in development 
(see Jackson 54). It may be remarked at this point that Ruedemann has 
also detected localized stages in graptolites (47, 48), and Lang in Bryozoa 
(36). Lang also, in the paper on corals, concludes that there is recapitu- 
lation in the coral genera studied by him, of ancestral characters, and he 
gives a table illustrating this.’ 

Summary.—Paleontologists almost universally accept the theory of re- 
capitulation. Its chief critics have been embryologists. The reason for 
the difference in attitude is probably to be sought in the fact that the 
former ordinarily compare epembryonic stages with adult characters of 
geologically older species, while the latter too often compare embryonic 
stages with the adult stages of existing species. It is also to be noted 
that in recapitulation we have to do with morphological and not with 
physiological characters, and that the row of cells from the egg to the adult 
may be morphologically the same in two organisms, while being at the 
same time physiologically different. Until it can be shown that two organ- 
isms morphologically different in the adult must of necessity be morpho- 
logically different at all stages, the argument of Montgomery, Tiurst and 


others proves nothing. 

‘The term prototheka was proposed simultaneously (January, 1904) by Ber- 
nard and myself for the earliest skeletal structure of the coral colony. We have 
used it, however, in a slightly different sense. sernard applies it not only to the 
first individual of the colony, but also to the basal plates or cups of later indi- 
viduals. I intended to restrict it to the basal cup of the first individual. The 


references are as follows: jernard, H. M., The prototheka of the Madreporaria, 
with special reference to the genera Calostylis, Linds., and Mosleya, Quelch. Ann. 
Mag. Nat. Hist., Ser. 7, vol. xiii, Jan. 1904. Cumings, E. R., The development of 


some Paleozoic Bryozoa, Am. Jour. Nci., vol. xvii, Jan., 1904 (footnote, p. 74). 

* This so-called rejuvenescence in corals appears to be a species of budding, in 
which the bud is directly superimposed upon the parent. It is fission occurring in 
a horizontal plane, as suggested by Bernard (14), and the new skeleton is in 
direct continuity with the old. This is the same idea exactly as that advanced 
by Ulrich some years ago (63) to account for the diaphragms of the Bryozoa 
Trepostomata. In the case of the Trepostomata the zowcium: is frequently oper- 
culate (ex. Callopora), and there is good evidence that the bud grows up through 
the operculum hence leaving it behind as the floor of the new individual. 
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In the Cephalopoda, Pelecypoda, Gastropoda, Brachiopoda, Trilobita, 


Bryozoa, Graptolites, Echinoderms and Corals, examples are pointed out 


in which there is clear and unmistakable evidence of recapitulation. In 


most of these cases it is the epembryonic and not the embryonic stages 


that are the basis of comparison. 


13. 


Paleontological Laboratory, 
Indiana University, 
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Tar TIepECANOE AN INFANTILE DRAINAGE SYSTEM. 
By Wm. A. McBETH. 


Streams first come into existence on a recently emerged or uncovered 
land surface, with enough rainfall to leave a surplus for runoff after the 
requirements for soil saturation and evaporation have been met. An up- 
lift of part of the sea bottom, the drainage of a lake or the melting of an 
ice sheet may produce the new surface on which the streams begin their 
cycle of existence and work. 

Most of the streams of northern Indiana are in the youthful stage. 
They came into being with the recession of the North American Ice Sheet 
from that part of the State. If parts of the region retained areas of 
marsh, pond or lake, the location of streams in such areas would be de- 
layed until outlets could be made by the intrenchment of channels by out- 
flowing waters to such depth that the impounded waters would be drained 
off, when stream lines would be laid out on such newly uncovered lands. 

The Tippecanoe river between the abrupt bend on the northeast corner 
of Pulaski County and Monticello in White County, with its tributaries, 
furnishes a fine example cf extremely young drainage. This section of the 
river evidently traverses the bed of a former temporary lake which was 
held in by a moraine at Monticello. Evidence of this lake remains in the 
sand ridges, some of which seem to be beaches and others dunes numerous 
in the region. The sudden change in the width and depth of the river val- 
ley above Monticello also is significant of such a condition. The valley at 
Monticello is almost exactly 100 feet deep, and from one-fourth to one- 
half mile wide, and at Buffalo ten miles north of Monticello the channel 
is about 25 feet deep and.is without floodplain or bluffs. In brief, the 
channel is just cut deep and wide enough barely to carry the flood waters. 
The trusses of the highway bridges crossing the river in Pulaski County 
can be seen miles away across the level prairie. The bridge floor at Wina- 
mac is level with the streets of the town. The river has a steep slope 
through this part of its course, the fall from Winamac to Monticello being 
not less than 100 feet in thirty miles. 

The tributaries to the main stream in this region are examples of still 
younger drainage. In following the road from Monticello to Buffalo the 
way is over level country, except that where streams making their way 
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west to the river are crossed, the road descends ten or fifteen feet to the 
bridge crossing the stream. then rises by the same distance to the level 


plain again. 
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The Drainage of Pulaski and White Counties, Indiana. 


Persons going to Headlee, Pulaski or Winamac (see map) often turn 


east a short distance north of Monticello and going about three miles they 
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turn north again, following the range line road. (Between R. 2 and R. 3 
W.) This road is much more level. ‘The streams crossed in small valleys 
on the west or river road have no valleys where crossed by the range line 
road. Formerly they existed as broad sloughs or strips of marsh land, 
and where crossed stretches of corduroy road were used to enable teams 
and vehicles to cross without miring. Scarcely the beginning of a channel 
could be discovered threading its way through the lowest part of the marsh 
or Slough. The drainage was by over wash or sheet streams spreading out 
many rods in width and slowly creeping away to the river. Within the last 
mile or two of their course the channel became gradually deeper and wider 
and the stream sped freely down a steeper slope into the river. These 
sheet streams are gocd examples of the primary drainage or runoff. Theye 
were interrupted frequently by ponds and broader widths of marsh, keeping 
large areas so wet as to make cultivation impossible—the land furnishing 
a poor quality of pasturage. 

Within the last few years man has done by machinery what nature 
has not done and could not do in thousands of years. Starting at the head 
of the sloughs fifteen to twenty miles from the river steam dredges have 
been used to dig channels for these over wash waters and practically every 
slough on both sides of the river in all this region has been furnished a 
channel ample for its drainage. 

Pike Creek, Keen’s Creek, the Carnahan Ditch, the Ackerman Ditch 
and Indian Creek on the east side of the river, and the Monon Creeks, 
Honey ‘Creek and others on the west side, furnish examples of infant 
drainage aged by the aid of man in pushing forward the work the waters 


were so tardily Going. 
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A Partrep EINTOPLASTRON IN TRIONYX AND ITS SIGNIFICANCE.” 


BY He A ann: 


There is no order of reptiles more distinctly circumscribed than the 
Testudinata. Even the fossil remains cast little if any light upon their 
affinities. That they are a highly specialized group need not be argued. 
Any point, therefore, which gives an indication of what may be considered 
to have been a primitive condition in the order, is of extreme interest and 
value. 

Moreover, there has been much discussion as to the relative rank of 
the various suborders and families comprised in this order. A group 
concerning which there is much diversity of opinieon is that now generally 
regarded as constituting a suborder, the Trionychia. Some have seen in 
their so-called ‘‘soft-shelled” condition, evidence of extreme specialization, 
and have therefore assigned them to a very high position in the order. 
Thus, Gadow (Cam. Nat. Hist., vol. viii, p. 406) asserts that “It is not 
open to much doubt that the characteristic features of the Trionychoidea 
are not primitive but secondary. This is indicated by the whole structure 
and behavior of the carapace and plastron. The softening of the whole 
shell, the loss of the horny shields, the reduction of the claws, are the 
direct and almost unavoidable results of life in muddy waters.” Other 
authorities take exactly the opposite view, and from the same facts reach 
the conclusion that “the Tricnychidze stand nearest to the general struc- 
tural plan of the Reptilia” (Adolph Th. Stoffert, Structure and Develop- 
ment of the Shell of Emyda ceylonensis, Gray). 

On account of this difference of opinion the writer has undertaken a 
study of the embryonic development of Trionyxr with the view, first, of 
determining, if possible, the relative position of the Trionychia among the 
Testudinata, and, second, if it should prove to be a comparatively general- 
ized type, to secure some hint as to the reptilian form from which the 
chelonian ancestry may have been derived. I present in this paper only 
one phase of the evidence furnished by the plastron, relative to the first of 
these two problems, although my material sheds some light upon both. 


* (Contribution No. 5, from the Department of Zoology and Embryology, State 
University of Oklahoma.) 
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No other terrestrial or freshwater tortoises possess so simple and per- 
haps so primitive a type of plastron as that found in the Trionychia. In 
the adult Trionyxr (Aspidonectes) spinifer, the plastron (Fig. 1) is c¢om- 
posed of nine elements, four paired and one unpaired, separated to a 
greater or less extent at first by three, and later sometimes by only two, 
large fontanelles. Different authors have proposed different theories rela- 
tive to the homologies of these plastral bones, and along with these theories 
there has arisen a complex terminology. Each author has sought to give 
permanency to his own hypothesis by assigning to the plastral elements 
names indicative of his view. Thus the unpaired element is designated by 
G. St. Hilaire, Owen, Ruetimeyer, and others, who regard the plastron as 
the homologue of the amniote sternum, as the “ento-sternal’; Parker calls 
it the “inter-thoracic plate’; while Huxley gives it the noncommittal 
name of “ento-plastron,” in which he is followed by most later writers. 
The four paired elements of the plastron have not fared any better. Thus, 
G. St. Hilaire, Owen and Ruetimeyer designate them as “episternal,” 
“hyosternal,” “hyposternal,” and “xiphisternal,” respectively; Parker, as 


’ 


usual, has his own set of terms, and calls them “praethoracic,” “post- 


thoracic,” “praeabdominal,” and “abdominal” plates; while Huxley gives 
them the names of “epiplastron,” “hyoplastron.” “hypolastron,” and “xiphi- 
plastron.” In the present state of our knowledge it is best, perhaps, to 
use Huxley’s terms, since they commit one to no special theory regarding 
the homologies of the elements to which they apply. 

Among the various attempts that have been made to homologize the 
plastral plates with certain skeletal elements of other amniotes, one of 
the earliest was that of Cuvier (Regne animal, Les Reptiles, p. 10), who 
identifies them with the sternum of the Lacertilia and higher vertebrates. 
G. St. Hilaire (Philosophie anatomique, vol. i. p. 106) makes a detailed 
comparison between the several parts of the plastron and the osseous 
pieces of the avian sternum. Carus (Von den Ur-Teilen des IKnochen- und 
Schalengeruestes, 1S28), and Peters (Observationes ad Anatomiam Chelo- 
niorum, Berolini, 1888), maintain that it is only partially equivalent to the 
sternum. Owen (On the development and homologies of the carapace and 
plastron of the Chelonian Reptiles, Phil. Trans. London, 1849), advances 
the idea that the paired plates correspond to haemapophyses of the ribs. 
Rathke (Ueber die Entwickelung der Schildkréten, Braunschweig, 1848), 
holds the plastron to be wholly dermal in origin and hence a structure not 


to be homologized with the endoskeletal elements of other groups. Many 
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of the more recent authorities, beginning with W. K. Parker (Structure 
and development of the shoulder girdle and sternum in the vertebrata, 
London, 1868), and Huxley (The Elements of Comparative Anatomy, Lon- 
don, 1864), consider the epiplastra and the entoplastron to be the homo- 
logues of the clavicles and inuterclavicle respectively, of other reptiles. 

In form the entoplastron is quite as variable among the Testudinata 
generally, as are the paired elements associated with it. It is perhaps 
most frequently T-shaped or roughly triangular, with the apex of the tri- 
angle directed caudad. In Trionyx, however, it has an entirely different 
configuration, being in the form of a wide V with the apex or point di- 
rected cephalad (Fig. 1). 

The other elements of the plastron have outlines and relationships 
characteristic of the family and can be easily identified by reference to the 
figure (Fig. 1), wherein the epiplastra (epi) are shown immediately 
cephalad of the entoplastron (ento), while the hyoplastra (hyo), hypo- 
plastra (hypo), and xiphiplastra (xiph), lie caudad to that element in the 
order given. 

In a Trionyx embryo with a carapace length of 14 mm., the elements 
of the plastron are all definitely laid down (Fig. 2). The nuchal plate 
of the carapace is a well marked and clearly defined dermal bone 
having as yet no connection with a _ vertebra. The ribs are fully 
laid down in cartilage. but there are no traces of costal plates, and 
neurals, likewise, are not present. The plastral elements are not only 
all present but they are also all paired. ‘They are not preformed in carti- 
lage but consist entirely of ossifications within the dermis. In shape and 
size they are clearly defined. As shown in the figure (Fig. 2) they form a 
series of five pairs of more or less rod-like structures, which are not in 
contact with one another, as is the case in the adult (Fig. 1), but on the 
contrary they are separated by comparatively large spaces in which the 
tissue of the dermis is clearly mesenchymatous and shows no trace of OSSi- 
fication. The position of the five pairs in two longitudinal rows and their 
absolutely similar origin as entirely dermal ossifications make it certain 
that, whatever their homology to structures in other forms may be, they 
must all be interpreted as serial homologues of each other. While it is 
agreed that the hyoplastra, hypoplastra, and xiphiplastra are the homo- 
logues of the abdominal ribs found in the Crocodile and Rhynchocephalia, 
the epiplastra and entoplastron are pretty generally regarded as represent- 


ing the clavicles and interclavicle of other reptiles. 
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Fig. 2 


EXPLANATION OF THE FIGURES. 


Figure 1 shows the form and arrangement of the plastral elements (reduced in 
size) of an adult Trionyax spinifer, epi., epiplastron; ento., entoplastron; hyo., 
hyoplastron; hypo., hypoplastron; xiph., wviphiplastron. 

Figure 2 is a graphic reproduction, magnified ten times, of the plastral elements in 
embryo Trionyx spinifer with a carapace length of 14 mm. umb., umbilicus; 
ent., paired entoplastra. 
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Accepting merely for the moment the correctness of this homology, it 
is interesting to note how very rarely a paired interclavicle has been found 
in reptiles. So far as I have been able to discover Parker is the only one 
heretofore to report such an observation, and in his monograph on the 
structure and development of the shoulder girdle and sternum, cited 
above, describes the interclavicle of Anguis as developing from paired ele- 
ments and says: 

“Above the Ganoid Fishes, this is the only instance I can give at 
present of the primordial symmetry of the interclavicle; but a careful 
study of the development of this bone in embryo lizards would, very prob- 
ably, show it to be not at all rare” (p. 99). 

Wxamining the question of the homologies of the plastral elements a 
little more closely, however, one is led to doubt Huxley and Parker’s iden- 
tification of the epiplastra and entoplastron as clavicles and interclavicle 
respectively. In all other reptiles so far as known the clavicle is laid down, 
at least partially, in cartilage and in close connection with the other ele- 
ments of the shoulder girdle. Even in the mammals, while its origin is 
still a matter for further investigation, it is definitely established that a 
portion at least of the clavicle is preformed in cartilage. In Trionya, as 
in other of the Testudinata, the epiplastra, on the contrary, develop en- 
tirely without connection with the shoulder girdle, entirely outside the 
muscular layer of the body wall and within the much thickened dermis. 
They, in company with all the other plastral elements, are wholly without 
a cartilaginous preformation, and develop as direct ossifications in the 
dermal mesenchyme. Without further evidence it is very difficult to ac- 
cept the view that the epiplastra are the testudinate homologues of the 
clavicles and the same arguments hold in regard to the identification of 
the entoplastron with the interclavicle. As is shown in this paper, the 
entoplastron in 7'rionyx is at first a pair of elements, so that there is noth- 
ing to prevent the interpretation of the entire series of plastral bones as 
the homologues of the so-called abdominal ribs so well known in Sphenodon 
and the Crocodilia. 

Recurring to the question of the relative rank of the Trionychia among 
the Testudinata, the paired condition of the entoplastron, as it exists in 
this embryo (Fig. 2, ent) is especially important and instructive. As 
Rathke first pointed out, the entoplastron is wanting in Sphargis, perhaps 
on the whole the most specialized of all the Testudinata. It is reported 
by Stannius (Handbuch der Anatomie der Wirbeltiere, 1854) as absent 
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also in Staurotypus, while L. Agassiz (Contributions to the Nat. Hist. of 
the U. S. A., vol. I, p. 267) states that it disappears in old specimens of 
other Cinosternidze. With these exceptions the entoplastron occurs as a 
single median bone in all known species of turtles and tortoises both liv- 
ing and fossil, save where in some of the latter the fragments are too 
meagre to permit its presence or absence being positively determined. It 
is therefore phylogenetically a very old element in the testudinate skeleton, 
and was probably, in some form or other, a direct inheritance from the 
more generalized reptilian stock from which this order arose. 

It follows, therefore, that we have in the paired entoplastron of the 
embryo Trionyx, a very primitive character, so primitive, indeed, that it 
occurs nowhere in the adult of any known species of Testudinata either 
living or fossil. It is therefore an indication that T'rionyr is to be re- 
garded as more primitive than any other known genus of the order. Were 
this the only evidence of primitiveness known to occur in Trionyr, one 
would not, perhaps, be justified in making so broad an assertion. But a 
considerable amount of Gorroborative evidence is also at hand. Thus in 
Trionys, the atlas is temnospondylous, i. e., its three constituent parts, 
the neural arch, the centrum, and the intercentrum, are not ankylosed but 
remain loosely connected, there is no odontoid process on the second ver- 
tebra, the first centrum being freely movable on the second; the pubic 
and ischiadic symphyses are broad and are connected with each other by 
a longitudinal cartilaginous band, which is replaced in other testudinates, 
except Chelone, by a broad completely ossified plate (Gadow). In the 
young of all tortoises, but in the adult only in the Chelonidze and Tri- 
onychidie, the plastral plates are separated by large fontanelles (Fig. 1, f). 
And finally, as reported by Wiedersheim (Vergl. Anat. der Wirbelthiere, 
5. Auflage, 1902) teeth rudiments also occur in the embryo of T'rionyr and 
nowhere else among the Testudinata. I have not been able so far to ¢or- 
roborate this observation, but it is certainly, if correct, a most important 
argument in favor of the view herein set forth. ; 

This conclusion regarding the Trionychia is not invalidated by cox tian 
secondary specializations, such as the flatness of the body and the webbed 
feet, all clearly adaptations to an aquatic habitat. However, these adapta- 
tions do show that J'rionyr is in no sense directly ancestral to the other 
Testudinata; the Trionychia are to be regarded as an early offshoot of the 
main stem, which has retained certain of its primitive characters. 

State University of Oklahoma. 

Norman, Oklahoma. 
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Notes on Parastres Founp in F'RoGS IN THE VICINITY OF 
St. Paun, Minn. 


By H. L. OSBORN. 


(Abstract. ) 


Our knowledge of the parasites of even the commonest animals is very 
incomplete. Examinations of all the organs and at all seasons of the year 
and extended-over a period of several years have never been made except, 
possibly, for a few of the domesticated animals where the information 
possessed an evident and immediate utilitarian bearing. Such studies of a. 
number of common and abundant animals are much to be desired. If a 
body of such information were available it would be of great service to 
students of the trematodes and very likely make it possible to complete 
many life histories, only fragments of which are known at the present 
time. The present paper is a first step in an attempt to do this with refer- 
ence to the common frogs in the neighborhood of St. Paul. Twenty-one 
frogs were examined in June, seven in September and nine in November. 
These numbers are found to be too small for anything but a preliminary 
survey of the ground and larger numbers will be examined next year. 
The walls of the ccelom, particularly in the dorsal and anterior regions, 
are infected by nearly mature encysted individuals of Clinostomum mar- 
ginatum, Rud. This form has been reported hitherto only from fish and 
fish-eating birds. The pericardial cavity, especially in frogs during June, 
was found to contain oval cysts, sometimes grouped in masses, each cyst 
containing a distome so immature that its generic affinities cannot be de- 
termined from the data furnished by a study of its structure. It may 
turn out to be a missing early stage of some trematode whose later stages 
are already known. ‘The urinary bladder in a considerable fraction of the 
frogs examined harbors a species much like, if it is not identical with, 
the Gorgodeda attenuata which Stafford has described from a similar loca- 
tion in the frogs of Canada. A member of the Amphistomidze occurs ocea- 
sionally in the urinary bladder but is more characteristically a parasite 
of the rectum, where it is found at all seasons. In one instance Cephalo- 


gonimus was found in the rectum and small intestines. In a few cases a 
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cestode was found in the small intestine, also in the coelomic cavity be- 
side the small intestines and in cysts on the surface of the liver. The 
lungs contain Distomum lanceolatum in a large percentage of cases and a 
nematode also in many instances. 


Hamline University, 
St. Paul, Minn. 
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THe Mockrne-Brrp at Moores Hutu, Inp. 


3y A. J. BIGNEY. 

The purpose of this brief article is to show how this bird acts on en- 
tering a new community, and to give evidence of its enlarging field of 
activity. 

In Mr. Butler’s catalogue of the Birds of Indiana? in 1897, they were 
reported in twelve counties in small numbers. In recent years they are 
migrating in large numbers into the counties of southern Indiana. In 
1905, about April 1st, the first mocking-bird was seen in the outskirts of 
Moores Hill. It was rather shy, but made its whereabouts known by its 
incessant singing, not only in the daytime, but also during most of the 
night. Such singing had never been heard by our citizens. It continued 
this behavior for about ten days, then left the community. The next sea- 
son a pair returned to the same place and the air was again filled with 
their music. Their usual imitation of the notes of other birds was a 
marked characteristic. This season they nested in the honeysuckle vine 
alongside a neighbor’s house. They remained until late in the fall and 
then migrated southward. During this season one other pair was seen 
about two miles from town. 

The following season several pairs were seen in and about town. The 
last two seasons the numbers have gradually increased, so that now they 
constitute one of our regular bird inhabitants. 

The question naturally comes up, why have they begun their rapid 
advance into the north during the past few years? I can not answer this 
question. I have heard that a kind of ant is troubling them in their nest- 
ing and so they migrate to get rid of them. If any positive information 
‘an be given, I should be glad to know of it. 


Moores Hill College, 
Moores Hill, Ind. 


1Amos W. Butler. The Birds of Indiana. Twenty-second Annual Report of 
the Department of Geology and Natural Resources of Indiana, 1897. 
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OBSERVATIONS ON WOODPECKERS. 


By JOHN T. CAMPBELL. 


In May, 1883, I was surveying to build a levee along the east side 
of the Wabash River in Parke County, Indiana, from the mouth of Big 
Raccoon Creek southward to within a mile of the south boundary of the 
county—twelve miles long. Near the south end of this levee was a wide 
bottom, in which I had surveyed before it was cleared. Joseph J. Daniels, 
of Rockville, Indiana, bought this land, cut out the saw timber and dead- 
ened the remainder. In the spring of 1882, these deadened trees had de- 
‘ayed enough for the woodpeckers to bore holes for their nests. There 
were easily one thousand such trees on this seven hundred acres. Bach 
tree had from three to twenty woodpecker holes. The marks of the 
great flood of 1883, in February, were very plain and could be recognized 
several years later. Of all those, probably ten thousand holes, not one 
was below the flood mark of the water of 1883. On the east side of the 
bottom the ground was very low, which made the flood marks about twenty 
feet above ground. The flood was twenty-eight feet above summer low 
water. Out west, near the river, the bottcin was high, and the flood marks 
only about eight feet above the ground. Some of the holes were within two 
feet, but above the flood mark. ‘The next year many holes were made be- 
low the flood mark, but whether they were kept above the top of the next 
and smaller flood, I did not think to notice. I ran the level over the land 
to grade it for assessment, and had a good opportunity to observe the 


holes. What is the explanation? 


Lafayette, Ind. 
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OBSERVATIONS ON CEREBRAL LOCALIZATION. 
By JAMES ROLLIN SLONAKER. 


Ever since Hitzig! in 1870 sent a voltaic current through the brain of 
a wounded soldier and noticed a certain movement of the eyes, numerous 
investigators have been busy furthering our knowledge of cerebral locali- 
zation. 

Fritsch and Hitzig followed this discovery with many experiments on 
the cerebral hemispheres of the dog and noticed that stimulation of certain 
areas produced definite muscular movements on the opposite side of the 
body. 

These experiments started many other investigators, among whom 
may be mentioned Ferrier,’ Munk,® Horsley and Schafer, Heidenhain,’ and 
Beeyor and Horsley." The results of these and many later investigations 
have formed the basis of an exact cortical localization in the brain of man. 

Numerous surgical operations and pathological observations have added 
to our fund of knowledge, so that now the cortical areas governing certain 
movements in man are quite definitely known. However, each new case 
will further prove and assist in making the localized areas in man more 
definite. With this in view I present the following data which I have 
gathered from the subject: 

Mr. Ralph R. Laxton of Atlanta, Ga., met with an accident which 
fractured the skull near the median line in the Rolandic region. <A_ por- 
tion of the bone was removed to relieve the pressure on the brain. As life 
was despaired of no metal plate was introduced, but the scalp simply 
closed over. ‘The wound healed and the subject finally recovered. The 


external condition of the weund after recovery is that there is a more or 


less circular depression about one and a half inches across, due to the 

1 Hitzig, Reichert u. Du Bois-Reymond’s Archiy., 1870. 

2 Ferrier, The Functions of the Brain, London, 1886. 

’ Munk, Die Functionen der Grosshirnrinde, Berlin, 1877-1880. 

+ Horsley and Schafer, On the Functions of the Marginal Convolution, Pro- 
ceedings of the Royal Society, No. 281, March, 1884. Horsley, British Medical 
Journal, Vol. IT, 1884. 

®* Weidenhain, Pfitiger’s Archiv f. Physiologie, 1881. 

®° Beevor and Hersley, A Record of the Results Obtained by Electrical Excitation 
of the so-called Motor Cortex and Internal Capsule in an Orang-Outang (Simia 
satyrus), Phil. Trans. Royal Soec., Vol. 181, B, 1890. 
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absence of bone. This depression lies as shown in Figures 1 and 2. These 
figures are shadowgraphs representing the side and back views respectively. 

Various muscular troubles arose, in- 
dicating a disturbance of the motor 
region of the brain. A line drawn 
outward, downward and forward at 
an angle of 71.5 degrees with the me- 
dian line and starting from a_ point 
one-half inch, or about one centimeter, 
behind a point midway between the 
glabella and the inion, will approxi- 
mately follow the central fissure’, *. 


With such a line constructed one can 


quite accurately sketch in the outline 
of the brain and its principal fis- 
Fig. 1. Shadowgraph showing location ‘Sures. Such a sketch is shown in Fig- 
of depression as seen from side, Lees 
ure 3. 
From this it is readily seen that 
the depression mostly affects the 
anterior central gyrus. Also. by 
consulting Fig. 2 it is observed that 
the depression is situated almost 
wholly on the left side, passing 
over only about a quarter of an 
inch onto the right side. 
The schemes representing the lo- 
calized areas in man are based on 
the results of observations on the 


raw € « oles = e ey 
monkey, on human pathological Fig. 2 \Shadoweraph showiapeeie 


data and on experiments on man. of depression as seen from behind. 


How Mr. Laxton’s injury confirms our present knowledge of cerebral local- 
ization in man is shown in the following history of the case, a part of which I 
give in his own words: 

“At the time of the injury, Nov. 25, 1892, I was 224 years of age and 
weighed about 145 pounds. My height was about 5 feet 9 inches. At present 
I weigh 160 pounds and measure 5 feet 10 inches while standing on my left 


leg, and 5 feet 9 inches on my right. 


7 Deaver’s Anatomy, Vol. IT, p. 508. 
8 Reid, The Principal Fissures and Convolutions of the Cerebrum, Lancet, 1884. 
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“In perhaps sixty seconds from the time of the blow I was conscious 
again, but I do not remember any sensation in my right leg at the time, 
except that it was very cold. I did, however, observe the progress of 
paralysis in the right arm. This began in the fingers and extended gradu- 
ally up the arm. For some time after [ was operated upon I was unable 
to find the way to my mouth with a glass of water. This paralysis was, 
I think, due to extravasation of blood, which was gradually absorbed 
later, as I have for more than twelve years been doing a good deal of 
work with the pen 
and some with the 
telegraph key. I 
think I may safely 
say that I have en- 
tirely recovered the 
useofthearm. At 
times, however, I 
feel the character- 
istic dull sensation 
in the muscles of 
the right side of 
the body up to the 
shoulder, and even 
in the upper arm 
itself. Then, again, 
the sensation is 
hardly apparent 
above the waist 
line, all of which 


tends to show that 


the area of depres- 


Fig. 3. Showing depression in relation to fissures 
of the brain. 


sion is not sharply 
defined.’’ 

The left arm was broken by the accident so he was unable to use it, 
but he states that it was not affected by the paralysis. 

It would be interesting in this connection to know if the change in 
barometric pressure has any influence on the location of this dull sensa- 
tion. Accurate observations in this respect are lacking. The only informa- 


tion Mr. Laxton can give on this point is as follows: “As regards baro- 
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metric effects, I have not been able to form any definite idea, though I 
have lived for ten months of the past year in southern Mississippi, where 
ny office was just seven feet above the level of the Gulf of Mexico. I be- 
lieve, however, that if the humidity ef the atmosphere and the generai 
condition of my system were exactly the same in both localities, I would 
find a difference between the sea level and a point three or four thousand 
feet above it. I have not had an opportunity to make observations in 
higher altitudes, but know that I am capable of more physical exertion 
in the mountains of western North Carolina than in the low country. i 
was on Lookout Mountain a few weeks ago, making the trip up the incline 
railway, but was not able to notice any change in feeling due to the rapid 
rise, of something like one thousand feet, from the city of Chattanooga to 
the top of the mountain. Just prior to a sudden change from dry to wet 
weather, I am apt to suffer from pains in the right leg, which I suppose 
are akin to rheumatism. As soon as precipitation begins the pains cease. 
This pain is most marked in the right hip joint.” 

In regard to stature, as has already been stated, he stands one inch 
higher on the left foot than on the right. The right leg also measures one 
inch less in circumference than the left, both in the thigh and the calf 
region. The muscles of the right leg, especially in the region of the calf, 
are less firm than those of the left. These conditions did not prevail be- 
fore the accident. ‘There is also a difference in the development of the 
two sides of the chest, which condition existed to a certain extent before 
the accident. 

Concerning the resulting disturbances, Mr. Laxton says: 

“There is a certain deficiency of sensation in the right leg and ab- 
normal reflex action occurs. There is also an apparent deficiency of syno- 
vial fluid. There is almost an entire lack of control of the toes of the 
right foot, particularly the big toe (see Figs. 4 and 5). There is conse- 
quently a lack of balance in walking somewhat related to that observed in 
people who have lost one leg and use an artificial one. There are times 
when I feel for a few minutes as if the paralysis were entirely gone, but 
I have to be extremely careful not to feel too sure of myself and to follow 
the plan of not attempting a full length step with the right foot. The 
sensory paralysis extends very slightly to the bottom of the left foot.” 
(Fig. 4.) : 

“T am just now experiencing considerable local irritation, the scalp 


even becoming, at times, sore on the outside. There are times when the 


4 
4 


4 
Nx 
Fig. 4. Chart illustrating the positions of affected areas. Df, dull feeling; Vs 
very slight; S, slight; Vm, very marked; Mx, maximum. 
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under side of the scalp. the point of adhesion, has a feeling very similar 
to that of a vaccination scar just before the scab is ready to come off. 
Sometimes when I run my hand through my hair, I feel a slight tremor in 
the nerves of the calf of the right leg. The most sensitive part which 


gives rise to the tremor is the anterior edge of the depression.” 


Mx 


Fig. 5. Chart showing the position of affected areas in the right leg and foot Vs, 
very slight; 8, slight; Vm, very marked; Mx,maximum. The arrows on the 
bottom of the foot indicate a continued but increasing disturbance. 

In regard te the mental effect, Mr. Laxton says: 

“There is no doubt that such an injury, so long as mechanical pressure 
continues, has at least a reflex bearing upon the mind itself, so that one 
suffering from it does not always feel like applying what he knows directly 


to the work in hand. If you will wear a brick fastened to your head con- 
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tinually for a term of years, or undertake a journey of indefinite length on 
foot through a tunnel not quite high enough to stand upright in, you will 
get an idea of the feeling.” 

In Figs. 4 and 5 I have indicated the location of the areas affected as 
described to me by Mr. Laxton. These areas range from a “dull sensation” 
to “very marked” and “maximum.” It is interesting to note that the dis- 
turbance becomes more and more marked toward the feet. That while 
there is a great disturbance in all the toes of the right foot, this disturb- 
ance increases from the little toe and the center of the bottom of the foot 
to the hallux, where it is maximum. 

One observes, also, that with the exception of a small area on the 
bottom of the left foot, which is very slightly affected, the disturbed areas 
lie wholly on the right side of the body. This we would naturally expect, 
as the greater part of the depression is on the left side of the median line 
of the skull. Since the depression extends slightly across to the right of 
the median line, we would expect some disturbance on the left side of the 
body. The slight disturbance on the bottom of the left foot would indicate 
that the portion of the brain close to the median line controls the center 
of the foot. We would expect a greater disturbance in the corresponding 
part of the right foot, because the corresponding area of the brain lies 
more nearly under the center of the depression. 

We may, I think, reasonably infer that the region of greatest dis- 
turbance is controlled by that part of the brain lying under the center of 
the depression. Therefore the motor area controlling the movements of 
the great toe would lie about the center of the depression, and that of the 
small toes and the center of the bottom of the foot, in close proximity. 
As we have already concluded that the cortical area controlling the center 
of the bottom of the foot lies adjacent to the median longitudinal fissure, 
that for the small toes would be farther removed from this region than the 
center for the great toe. I think we may also conclude that the parts less 
and less affected are controlled by portions of the brain lying nearer and 
nearer the margin of the depression. The movement of the hair near the 
anterior margin producing a tremor in the calf of the right leg, would in- 
dicate that the motor center for this region is at this point. 

Since all the muscles of a given region, i. e., thigh or calf of leg, are 
not equally affected, one may infer that different muscles of the same re- 


gion may have somewhat widely separated centers of control in the cortex, 
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or that some of these centers may be more deeply seated than others, and 
for this reason less affected. 

From the foregoing, I think the following conclusions can be drawn: 

1. If we have made no mistake in locating the central fissure with 
reference to the area of depression, this area lies mainly over the anterior 
central gyrus of the left side and extends very slightly across the median 
longitudinal fissure to the corresponding gyrus of the right side. 

2. The area controlling the center of the sole of each foot lies in the 
anterior central gyrus at the margin of the median longitudinal fissure. 

3. The area contrelling the hallux lies a little more lateral, perhaps 
one-half inch, from the margin of the median longitudinal fissure. 

4. The area controlling the other toes is in close proximity to.that 
of the great toe. It may be anterior, posterior or more lateral from that 
of the great toe. Since the region controlling the muscles of the calf lies 
anterior, it is very probable that it is more laterally situated. This ac- 
cords with the results of Beever and Horsley. 

5. The areas controlling the muscles of the calf on the outside and on 
the inside of the leg, the thigh, rump and scapular regions are located in 
the order named at greater and greater distances from the center of de- 
pression. I have no doubt that the scapular region (possibly some others, 
also) is only indirectly affected. 

6. Though the data are not quite sufficient to indicate accurately the 
position of the motor centers involved, it is very probable that they are 
arranged laterally along the anterior central gyrus from the median longi- 
tudinal fissure in the following order: a. Center of sole of foot. b. 
Center for great toe. ¢ Small toes. d. Calf muscles on lateral surface 
of leg. e. Calf muscles on mesial side of leg. f. Thigh muscles. g. 
tump muscles. h. Seapular muscles. With the exception of the first- 
named area this arrangement agrees with the results of other investiga- 
tions. 

Leland Stanford Junior University, 


California. 
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Tse DEVELOPMENT OF INSECT GALLS AS ILLUSTRATED BY THE 
Genus AMPHIBOLIPS. 


Met T. Coox. 

The study of the development of insect galls involves more complicat- 
ing factors than most problems of evolution, since the host plant is forced 
to give both nourishment and protection to its enemy. The result of this 
enforced action is the formation. of a structure which is normal for the 
parasite and pathological for the host. The histology of these gall struc- 
tures presents some very interesting questions involving the point of stimu- 
lation, the character of the stimulation and the evolutionary lines along 
which the various species of galls have developed. For some time we have 
recognized that the point of stimulation is in the meristomatic tissues, and 
that in most cases the stimulation is not due to a glandular secretion from 
the parent insect.1. However, there appears to be abundant evidence that 
in most cases the stimulation comes from the larva, but whether mechani- 
eal or chemical, or both, or the former in some species and the latter in 
others, is a practically untouched problem. 

In 1902 the writer? advanced the opinion that “the morphological 
character of the gall depends upon the genus of the insect producing it, 
rather than upon the plant upon which it is produced, i. e., galls produced 
by insects of a particular genus show great similarity of structure, even 
though on plants widely separated; while galls on a particular genus of 
plants and produced by insects of different genera show great difference.” 
Further studies along this line have convinced the writer of the correct- 
ness of this view, and have also led to efforts to work out a system of 
classification based on the histological character of the galls which would 
be correlated with the classification of the insects. However, the comple- 
tion of such a series of studies is largely dependent upon a more satis- 
factory knowledge of the taxonomic relations. 

While it is true that the histological characters of the galls depend 
upon the insects rather than upon the host plants, it is also true that we 
find certain characters common to all groups. The first step in the forma- 


1 Adler & Straton. Oak Galls and Gall Flies. 1894. 
2Galls and Insects Producing Them. Ohio Naturalist, II:7, p. 270. 1907, 


364 


tion of a gall is (1) the excitation of growth and cell division, (2) the 
failure of the cells of the affected part to differentiate into the character- 
istic tissues of that part, and (3) the differentiation into characteristic 
tissues of the gall. We also recognize certain similar lines of develop- 
ment in what we now consider well-defined genera. The explanation of 
the similarities and differences in these lines of development will depend 
largely upon future work in both taxonomy and histology. 

It is the purpose of this paper to call attention to certain points above 
referred to in connection with the genus Amphibolips. The taxonomy of 
the insects of this genera have been very thoroughly studied and carefully 
described and arranged by Mr. Wm. Beutenmuller.*. The writer has also 
studied the histology of several of the galls. 

The genus Amphibolips belongs to the family Cynipidex, is quite dis- 
tinct, and stands high in the line of development. As previously stated, 
the galls originate as a result of stimulation of meristomatic tissue, re- 
sulting in growth and cell division. ‘This is followed by a differentiation 
of this mass of cells into the tissues characteristic of the galls. In the 
cynipidous galls we have the four distinct tissue zones which have been 
referred to by many writers, viz: (1) the epidermal zone, or outside 
layer of cells, (2) the parenchyma zone, which may be quite thick, either 
dense or loose, and in which may be found fibrous tissue radiating from 
the center of the gall, (3) the protective zone, composed of sclerenchyma 
tissue and varying in thickness in different species of galls, (4). the nutri- 
tive zone of parenchyma cells, rich in protoplasm and immediately sur- 
rounding the larval chamber. The galls belonging to this genus have the 
four well-defined zones, but with variation in the parenchyma and pro- 


tective zones by which they may be subdivided into the following groups: 


Group A. 


Amphibolips confluens, Harris. 
oe caroliniensis, Bassett. 
longicornis, ae 
acuminata, Ashmead. 


3’ The Species of Amphibolips and their Galls. Bulletin of the American Mu- 
seum of Natural History, Vol, XXVI, Art. VI, pp. 47-66. 1909, 


GRouP B. 


Amphibolips inanis, O. 8. 


= ilicifolie, Bassett. 

- Coelebs, O. 8. 

ae citriformis, Ashmead. 
s melanocera, = 

ce cinerea, re 
cooki, Gillette. 


tinctoria, Ashmead. 


Grour C. 


= Division a. 
Amphibolips spinosa, Ashmead. 
ce globulus, Beutenmiiller. 


Division D. 
Amphibolips nubilipennis, Harris. 
cs racemaria, Ashmead. 


Division ¢c. 
Amphibolips prunus, Walsh. 
us gainesi, Bassett. 
fuliginosa, Ashnead. 
palmeri, Bassett. 
trizonata, Ashmead. 


“ec 


The writer has previously made studies of the histology of A. con- 
fluens, A. inanis, A. ilicifoliw, A. nubilipennis, and A. prunus. Taking A. 
confluens as a type of the group A, we find the parenchyma zone very 
thick and composed of cells which when mature have the character of a 
mass of colored cotton, and among which may be found fibro-vasculac 
bundles. The parenchyma cells, when examined under the microscope, 
are found to be unicellular, long and threadlike. The protective zone is 
comparatively thin. The nutritive zone is prominent only in the young 
galls. The writer has not had an opportunity to examine the other three 
species of this group, but from the taxonomic discussion, they appear to 
coincide very closely with A. confluens. 

In group B the writer has studied A. inanis, A. ilicifolia and A. coe- 
lebs, which, judging from Beutenmuller’s description, are quite typical of 
the group. In these galls the parenchyma zone is characterized by large 
intercellular spaces. A part of the parenchyma cells remain attached to 
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the epidermal zone, another part to the protective zone and some to the 
well-defined fibro-vascular bundles which radiate from the central body 
to the outer part of the gall. These fibro-vascular bundles are in general] 
much better developed than in the galls of group A. The protective zone 
is subject to considerable variation in the different species; it is quite 
prominent in A. inanis and practically absent in A. coelebs. The nutritive 
zone, as in the first group, is prominent only when the gall is young. 

In group C the writer has studied A. nubilipennis and A. prunus. 
This group may be readily divided into three sub-groups as indicated 
above. The species of sub-group (a) because of the inner radiating and 
spongy substance, appear to be intermediate between group B and the other 
species of group C. The species of sub-group (b) are more succulent than 
the species of sub-group (¢). 

My studies of A. niubilipennis demonstrate a thick parenchyma zone of 
large succulent cells and very small fibro-vascular bundles which were 
most numerous near the surface of the gall. The protective zone consisted 
of a few layers of thin-walled cells. The nutritive zone was prominent in 
the young galls and persisted quite late. 

My studies of A. prunus demonstrated a very thick parenchyma zone, 
inuch firmer and drier than in A. nubilipennis, and in which were very few 
small, fibro-vascular bundles. ‘The protective zone was entirely absent. 
The nutritive zone well developed in the young galls. 

In general it will be noted that in this genus: we have (1) the galls 
originating and developing in the normal manner which results in the 
formation of the four zones; (2) the variation in the parenchyma and 
protective zones, which enables the above division and sub-divisions; (3) 
that group A may be considered the most highly developed and sub-group 
ce of group C the lowest. The significance of this line of development can- 
not be determined until we know more about other genera of gall-makers 
and their galls. Iowever, a study of the known geographical distribution 
of the species of this genus is“interesting in connection with this study. 
In group A, Amphibolips confluens is very widely distributed over Canada, 
the Eastern States south to Georgia, and west to Colorado, while the other 
three species have much more limited ranges, two and _ possibly all 
three within the range of the first. In group B we find that A. inanis 
ranges from Canada and the Eastern States west to Iowa and south to 


North Carolina; A, cooki has almost the same range; A. ilicifolie, A, 
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coelebs and A. tinctoria are included within the above range; and 4. 
citriformis, A. melanocera and A. cinerea are reported from Florida. In 
group ©, we find A. nubilipennis very widely distributed from New York 
west to Illinois and south to Pennsylvania, 4. prunws from New England 
west to Colorado and south to Georgia; A. spinosa, A. racemaria in Flor- 
ida, A. fuliginosa in Florida and Georgia, A. globulus in New Jersey, A. 
gainesi in Texas, A. palmeri in Mexico, and A. triazonata in Arizona. 
Delaware College, 
Newark, Del. 
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APPARATUS FOR ILLUSTRATING BoyLE’s Law. 


By F. M. ANDREWS. 

The apparatus shown in Figure 1 illustrates not only Boyle’s or Mari- 
otte’s Law, but also a combination of attendant phenomena which I shall 
describe presently: Figure 1 is about one-fourth the true size of the ap- 
paratus. It consists of an ordinary iron ring-stand EH, by means of which 
the various glass tubes A, B, C, and D, are held in the proper position by 
means of clamps at F. At the base is situated a Woulfe bottle G, with 
which A, B, C, D, and HE’ communicate. The bottle G is about one-third 
filled with a concentrated aqueous solution of eosin. This solution is 
readily visible and on account of its intense red color is also seen at a con- 
siderable distance in the transparent glass tubes A, B, and C. Such an 
eosin solution has the additional advantage of being rather permanent in 
color, for in two years the solution I had used did not change perceptibly, 
and only a slight reddish brown precipitate was visible. It is also quite 
resistant in the presence of HCl, and even by the use of strong HCl a 
heavy precipitate results which is almost as red for a time as the original 
solution. The glass tubes A, B, and © extend below the surface of the 
eosin solution, while D merely projects through the rubber cork H. The 
connection of all the glass tubes A, B, C, D, BH’, and L are made air-tight by 
means of the rubber corks H, and the latter are .held firmly in place by 
copper wires to prevent their being blown out of the pressure generated in 
I and G. By means of the glass tube H’ the large glass bottle I is con- 
nected with G, and another glass tube connects I with the water-tap, air- 
pump or other contrivance for generating pressure. If the apparatus is 
connected as shown in the figure to water mains carrying a high pressure, 
and if then we open the valve O, the water will be forced into I. This will 
of course cause compression of the air in I, as well as pressure in propor- 
tion to the amount of water allowed to enter. Since G is connected with 
I by EH’, the same pressure will be generated in Gas in I. As A, B, and © 
project below the surface of the eosin solution, and if the valves K and K’ 
are closed and the water continues to enter I, in a few seconds the volume 
of air in the tube C, which is sealed at the top, will be compressed one- 


half its former volume by the eosin solution rising one-half the inside 
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length of the tube when the pressure in G equals one atmosphere. This 
illustrates Boyle’s Law by showing that the volume of gas in © varied in- 
versely as the pressure brought to bear upon it. ‘The same principle would 
be shown in A and B under similar circumstances if IX and WK’ of the tubes 
M M’, which are fastened to A and B by means of rubber tubing held by 
copper fire and sealing-wax, remained closed. 

Again, when the air in A, B, and © is compressed one-half its volume 
by a pressure of one atmosphere, this will be shown by the manometer 
which the tube D forms. This tube has each of its two arms filled to a 
height of forty centimeters with mercury. The total height of the two 
columns is therefore equivalent to more than an atmosphere. When the 
pressure in G is zero, then the two columns of mercury X and Y are equal 
in height. When, however, the pressure in G is equal to one atmosphere, 
then the column X will sink and column Y will rise till the difference of 
their heights is 76 e«m. Since, in estimating accurately the height of a 
mercury column both pressure and temperature must be considered, this 
may be done by the usual formula. 

When it is desired to again reduce the pressure in G to zero and allow 
the water in I to escape, this may be done by closing O, opening P, and 
either IX or K’, or both. Unless I is interposed between O and G, water 
could not for obvious reasons be used. Air could, of course, be forced di- 
rectly into G. 

The apparatus can also be used to show that the height to which a 
liquid will rise in a tube is independent of its diameter. If we open O 
then, as mentioned above, the pressure developed in I and G will cause the 
eosin solution to rise with ease in A and B if K and XK’ are left open. 
When the eosin solution has risen to 8, or to any other height in B, whose 
internal diameter is three millimeters, then if we notice A, disregarding 
the small effect of capillarity in B, the column of liquid will stand at ex- 
actly the same height in A, whose internal diameter is one cm., as in B. 

If, finally, both A and B are rapidly filled with the eosin solution by 
quickly and strongly generating pressure in G, then it will be seen by 
carefully timed observations that the liquid in A will rise to an equilibrium 
of the pressure in G somewhat more quickly than the same equilibrium 
will be attained by the liquid in B, due to the greater friction produced by 
the smaller tube B. For the same reason if the pressure is rapidly re- 
duced to zero by opening P, the eosin solution in B will require a slightly 
longer time to fall from a point, as S, and reach the level of the liquid 
in G, than would be required by the same height of a column in A, 
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Some Monstros!ITIEs IN PLANTS. 


By F. M. ANDREWS. 


In the proceedings of the Indiana Academy of Science for 1905, pages 
187 and 188, I have mentioned some interesting variations which I noticed 
in Trillium. Since that time I have been favored by the announcement 
of some additional monstrosities shown in Trillium by Prof. John M. Hol- 
zinger! of Winona, Minnesota, in a paper which he has been good enough 
eo send me. 

It occasionally happens that interesting monstrosities or variations. 
occur in other plants. Such variations, although very common, are never- 
theless often of great importance. 

One of the most common folear variations occurs in clover, and these 
I have found more or less abundantly, especially in Trifolium pratense. 
De Vries? states that he rarely observed clover individuals with more than 
one quaternate leaf. I have observed from time to time some specimens of 
elover which had one leaf-of four leaflets, and in one instance found two 
specimens of clover, each of which had in addition to ten regular leaves of 
three leaflets, seven (7) other leaves, each one of which had four (4) 
leaflets. One of these quaternate leaves was beginning to form a leaf hay- 
ing five (5) leaflets by the splitting process. Again another plant of 
clover near this one having seven quaternate leaves, had in addition to 
the ternate leaves, one with five leaflets. Another specimen of clover had 
ten leaves of five leaflets each, in addition to several ternate ones. One 
of these leaves with five leaflets shows the origin of the supernumerary 
leaflets by the splitting process, as De Vries describes on page 342 of his 
“Species and Varieties. Their Origin by Mutation,” 1905. 

Another specimen of clover had in addition to the usual ternate ones, 
one leaf having six leaflets, and another plant of clover, one leaf having 
seven leaflets. These plants all grew close together in a yard and were 
the only ones thereabouts which showed, in the many other specimens of 


clover present, any of the above mentioned deviations. 
1 John M. Holzinger, Plant World. 4: July, 1901. 
2 Species and Varieties. Their origin by mutation, 1905, p. 340, 


I have also noted deviations in the Buckeye tree where six and some- 
times nine leaves occurred instead of five. Some plants, as the common 
blackberry, have at times flatteaed stems, and some have two periods of 
blooming in the same year, as the Weigelas and other plants. 

Apparent deviations or monstrosities may sometimes be due to an in- 
jury, and therefore in deciding such points care is necessary. 

State University, 

Bloomington, Ind. 
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A List or ALG&. 


(Chiefly from Monroe County, Indiana.) 
By EH. M. ANDREWS. 


The list of Algee given at the end of this paper includes about one 
hundred and seventy-five forms, most of which are from Monroe County, 
Indiana. Some few species of these Algze are from the Eagle Lake and 
Turkey Lake in the northern part of Indiana, while a few others have been 
obtained from other sources. The collection of these forms has extended 
over a period of several years, for a continuous effort to obtain the forms 
here mentioned was not made except in the case of the Algre found in the 
water works of this city in 1896. At this time some of the forms of Al- 
gz then to be found in the city water works of Bloomington were collected 
by Dr. George J. Peirce, now of the Leland Stanford Junior University. 
Mr. A. C. Life, and myself. <A title of the work done by us conjointly ap- 
peared in the proceedings of the Indiana Academy of Science for 1896, on 
page 208, entitled: ‘A Microscopic Examination of Certain Drinking 
Waters.” 

In this work not only the forms at the surface and edges of the reser- 
voir were obtained, but also those to be found at different depths in the 
water. On account of the lack of more elaborate instruments and means 
for doing this, we hit upon a very simple but sufficiently effective plan. 
This was done by securing a bottle of the proper size and shape, fitted with 
a stopper, to a heavy cord. The stopper also was attached to a cord. 
After rowing out into the reservoir, the water of which varied from fifteen 
to thirty feet in depth, this weighted bottle was lowered to the desired 
depth by one string and the stopper partly removed by the other string. 
After the bottle had filled with water, as could be told by the rising of 
bubbles, the stopper was allowed to slide back in place, thus reclosing the 
bottle. To prevent the stopper from being pulled out of the bottle 
and thus rendering it impossible to replace it before raising the bottle 
from the water, a string of the proper length was tied around the neck of 
the bottle and to the stopper. To be sure that the glass stopper would 
settle back into the bottle after filling, I found a band of rubber fastened 


around the neck of the bottle and the stopper to be effective in accomplish- 


ing this end. It is always best to close the vessel used in such experiments 
to prevent the entrance of Algee not at the depth at which it is desired to 
take the samples or to keep some in the bottle from being lost in raising 
the bottle to the surface. In this way it is easily possible to obtain speci- 
mens that are floating from any part of the body of water. By this method, 
too, it was shown that numerous forms of Algze were distributed all through 
this body of water. The living ones were found in greater abundance at 
or near the surface, as would be expected, but they were also found in the 
deeper water as well. In some places the number of forms was often very 
small, but in order to make a study of the greater number from such a 
locality the following method was used: <A suitable quantity of water 
was obtained in the above described way from the desired location, and 
this allowed to filter through a small surface. A funnel, the lower end of 
whose tube was closed with closely woven cloth, served quite well, and in 
this way enough forms would be obtained for a convenient study. Such 
concentration of forms, we may term it, also brings about a great saving 
of time in looking for forms that would otherwise be found only after much 
searching, and at the same time was more representative for any given 
depth. 

The effectiveness with which various of the Algze forms could be re- 
moved by means of sand was attempted. This will vary with the kind 
of sand employed. The kind of sand here employed was very fine, white 
sand, especially employed for the microscopic examination of water. The 
following are some of the results: 

Twenty-five ccm. of water from the bottom of the reservoir, in five 
em. of this sand, required seven minutes to filter. 

One thousand ccm. of water from the surface of the reservoir required 
forty-three minutes to filter, through a closely woven cloth tied over the 
end of a very small glass tube. A considerable depth of very fine, clear 
sand is necessary to entirely remove all of the smaller Algre forms from 
the water, for I found after only twenty-five cem. of the water from this 
reservoir had been filtered through five ccm. of fine sand, a considerable 
number of some forms came through. In one instance, in tap water, com- 
ing from this same source, some small forms came through four cm. of this 
fine, white sand, which to filter twenty cem. it required one hour and twen- 
ty-five minutes. 

In another case only eighty-five minutes was required to filter twenty- 


five cem. of this water through four ¢m. of sand, due in this case to the less 


quantity of sediment and forms than in the instance where one hour and 
twenty-five minutes was required for filtration. Some permanent slides 
were prepared in 1896 and part of these I still have, which show some of 
the various Algze forms obtained by the method above referred to. These 


slides were prepared by making a mounting fluid of the following sub- 


stances : 
AN COMOU OD Vatak citoucichaas od aiersuc oe orehaealy ans 10 cem. 
AGI CETM Ee cneesrspeucee aie ese eco temecsuser sa epenereoronorerels Senos 
IO en Kae PW eS woe aoa ciao alot GOO Or Bie ss 
ENCOUN CAC Oe iey o giateasacrst tiotssemocs: ore re: shapeuea cus cnene 30) > f 


Specimens mounted in this mixture should be sealed with balsam. 
The slide should be thoroughly cleansed and dry before ringing the cover- 
glass with balsam. The only danger from the loss of specimens so mounted 
is from the liability of the balsam to crack and allow the liquid under the 
cover-glass to evaporate. For this reason they had better have the balsam 
covered with a layer of dammar-lac or shellac, and be noticed from time 
to time and not kept in too warm a place. 

Dilute glycerin seems also to be a good medium for mounting Algie. 
One specimen of Pandorina has been preserved and mounted in it fifteen 
years and is still apparently as green and as perfect as the day it was 
mounted. Camphor water’ and glycerin also seem to give good results 
from the standpoint of preservation. 

Other forms of the Algwe of this list not found in the water works 
reservoir have been observed at different times and recorded as found. 
It is not supposed that this list of Algze here given is by any means com- 
plete, but gives an idea of a few out of an enormous number of forms that 
must be widely distributed. A good many of the forms here mentioned 
have been found by Mr. A. B. Williamson, one of the students in the Botany 
Department, and reported to me for the following list. 

A list of the growing forms of plants in any locality is best made and 
more complete when extended over a series of years, so as to include those 
individuals which for various reasons or changes of conditions do not ap- 


pear during one season. 
! Stokes—Analytical Keys to the Genera and Species of the Fresh-water Alge, 
p20: 


A LIST OF ALGAS, 


Gloeocapsa polydermatica. Synedra Acus. 
a aeruginosa. * pulchella. 
re coracina. Fragilaria capucina. 
e rupestris. Achanthes Hungarica. 
MY sanguina. 


Cocconeis placentula. 
Chrococcus turgidus. 
cs coherens. Eunotia gracilis. 
a pectinalis. 
Spirulina Jenneri. 


duplex. Amphora ovalis. 


Gleeotrichia pisum. a E 
mOLLIC . 5 Hpithemia turgida. 
S natans. e ‘ 
gibba. 


Calothrix gracilis. 


—s : : Gyrosigma attenuatum. 
Volypothrix distorta. 7 


o tenuis. A F ° 
Spirogyra jugalis. 
; ; re nitida. 
Rivularia Dura. 
¥ : §S crassa. 
echinulata. sonia 
: ; 5 : decimina, 
Scytonema tolypothrichoides. a ; 
" setiformis. 


myochrous. Ae 
gracilis. 


rs natans. 2 
4) fusco-atra. 
Ae ? : communis. 
Sirosiphon pluvinatus. anes 
cs quinina. 
cu longata. 


HTapalosiphon tenuissimus. 


Nostoe pruniforme Zygnema leiospermuim. 


sé ] sjone 
a yerrucosum. Slee 
“ sphiericum. anomalum. 
es commune. 


AZygogonium decussatuim. 


Anabrena inaequalis. 
Mougeotia divarecata. 


Nizschin sigmoidea. 


of constricta. Mesocarpus nunimuloides. 
ve acicularis. e recurvus. 
a robustus. 


Coceonemn lanceolatuin. 


Staurastrum arctiscon. 


° muticum. 

cc dejectum. 
incisum. 

Ps alternans. 

on erytocerum. 
fe arachne. 

SS gracile. 

4 vestitum. 

fe hirsutum. 

> spongiosum. 
oe luteolum. 


Pediastrum Boryanum. 
ss pertusum. 
a tetras. 


Sorastrum spinulosum. 


Ceelastrum microporum. 
* cambricum. 


Scenedesmus obtusus. 
a dimorphus. 
a eaudatus. 
a acutus. 


Pandorina morum. 
Endorina stagnalis. 


Volvox globator. 
Spherella (Chlamydococeus ) 
pluvialis. 


Ulothrix subtilis. 


“ec 


muralis. 


Gonium pectorale. 
Cladophora glomerata. 
ne fracta. 
fe crispata. 


(M£dogonium crassum. 


ee sexangulare. 
es obtruneatum. 
ue fonticola. 


Bulbochzete intermedia. 
Colochzete irregularis. 

2 soluta. 

oY scutata. 
Draparnaldia glomerata 
Stigeoclonium nanuim. 
Cylindrospermum macrospermum. 
Cylindrocapsa geminella. 
Merismopedia glauca. 


es convoluta. 


Oscillaria chalybea. 


Fe ceruenta. 

* tenuis. 

= subfusea. 
natans. 

+ antliaria. 
§ limosa. 

s percursa. 
ae princeps. 
Froelichii. 
ie brovis. 


Navicula viridis. 


oY sphrerophera. 
i serians. 
5 alpina. 


Cymbella lanceolata. 


Meridion circulare. 


Diatoma elongatuimn. 
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Melosira arenaria. 
Pe varians. 


Gomphonema geminatum, 
- constrictum. 


Licmorphora flabellata. 


Tabellaria fenestrata. 


flocculosa. 
Pleurocarpus mirabilis. 


Cosmarium obsoletum. 
- sexangulare. 
globosum. 
orbiculatum. 
cucuinis. 
suborbiculare. 
benustum. 
quasillus. 
Closterium acerosun. 
a eucumis. 
Hhrenbergii. 
acutum. 
attenuatum. 
Leibleinii. 


Hyalotheca dissiliens. 
DYesmidium Swartzii. 
Mesotrenium Braunii. 
Spiroteenia condensata. 


Docidium crenulatum. 


conbpatum., 


oe 


nodosum. 
Tetmemorus Brebissonii. 
Nanthidium armatum. 


Arthrodesmus convergens. 


Enastrum crassum. 


s cuneatrum. 
ss didelta. 
ee ansatulm. 


Micrasterias radiosa. 


papillifera. 
a truneata. 


Chretophora pisiformis. 
os elegans. 
Bs tuberulosa. 


Pleurococcus viridis. 


Dactylococcus bicaudatus. 
Botryococcus Braunii. 


Ilydrodictyon utriculatumn. 
Conferva floccosa. 
fugacissima. 

+ affinis. 


a vulgaris. 


Chlamydomonas pluviale. 
cs tingens. ; 


Dictyosphrerium reniforme. 


Tetraspora cylindrica. 
He lubrica. 


Raphidium polymorphum. 
rf convolutum. 


Vancheria sessilis. 


s gemimata. 
Me terrestris. 
sg sericea. 

= Dillwynii. 


sotridium granulatum. 


Batrachospermum moniliforme. 


State University, Bloomington. Ind. 
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Appitions to Inprana State Fora, No. 4. 
By CHas. C. DEAM. 


I offer the following as additions to the Indiana State flora. The 
determinations have been checked by recognized authorities, and spect- 
mens are deposited in my herbarium : 

Andropogon scoparius, var. littoralis (Nash) Hitch. 

Lake County, on sand dunes near Indiana Harbor. 

Panicum tennesseense Ashe. 

Madison County, on dry, wooded bank of White River, about two 
miles north of Anderson. 

Bromus altissimus Pursh. 

Allen County, on alluvial bank of the St. Mary’s River, about 
one-quarter mile south of Ft. Wayne. 

Bromus incanus (Shear) HWitehe. 

Wells County, in Jackson Township. 

Carer canescens, var. disjuncta Fernald. 

Steuben County, on low border of Graveyard Lake. 

Carer laxriculmis Schwein. 

Johnson County, in dry woods about two miles southeast of Mor- 
gantown. 

Carex siccata Dewey. 

Steuben County, in dry soil in clearing one-quarter mile north of 
Clear Lake. 

Carex stellulata, var. angustata Carey. 

Steuben County, on low, sandy border on west side of Graveyard 
Lake. 

Celtis occidentalis, var. crassifolia (Lam.) Gray. 

Allen County, on bank of St. Mary’s River one-half mile south of 
Ft. Wayne. 

Thalictrum revolutum DC. 

Fountain County, on wooded alluvial creek bank near Veeders- 


burg. 


Trifolium dubium Sibth. 
Kosciusko County. Well established in yards of cottages on north 
bank of Lake Wawasee. 
Sanicula canadensis IL. 
Allen, Blackford, Clark, Madison, Marion, Morgan, Wabash, and 
Wells counties. 
Sanicula gregaria Bicknell. 
Dekalb, Fountain, Madison and Noble counties. 
Cephalanthus occidentalis, var. pubescens Rat, 
Clark County, on State Reservation. 
Vernonia illinoensis Gleason. 
Steuben County, in prairie one-quarter mile east of Clear Lake. 
Clear Lake. 
Solidago juncea, var. scabrella (Vv. & G.) Gray. 
Wells County, in dry clay soil in clearing on east side of lakes in 
Jackson Township. 


Indianapolis, Indiana. 


RiegHt AND Wrone Conceptions oF Puant Rusts. 


By J. C. ARTHUR. 


The plant rusts have been known both popularly and _ scientifically 
from the earliest times. Their study took the usual course of development 
of all cryptogamic plants up to the time that DeBary demonstrated that 
pleomorphism existed in many species in a more striking manner than 
known in other fungi. He showed that most if not all members of the 
genus dicidium as recognized at the time were only stages in the life cycle 
of species of Puccinia and Uromyces, and other investigators soon followed 
with similar demonstrations for such genera as Roestelia, Peridermium, 
and Cawoma. It was in 1866 that he announced, with experimental proof, 
that one stage of a rust, as the cidium, often grows on a host wholly 
different from that on which the final stage grows, such rusts being called 
hetercecious. 

Hetereecism, which was thus established by DeBary and confirmed 
by his contemporaries, was not generally accepted by mycologists for a 
score or more of years. That the Wecidiuwm poculiforme of the barberry 
leaf, with its conspicuous cups filled with chains of verrucose spores, could 
not give rise to other similar cups on the barberry, but only to the pow- 
dery and echinulate spores of the red rust on wheat stems, as unlike the 
former as a caterpillar is unlike the pupa into which it is transformed, 
Was such a strikingly new idea in botany, that when once it did find gen- 
eral credence, and was extended to many other species by culture work, 
it assumed undue prominence. This result was accelerated by the rather 
recent discovery of races, or so-called physiological species. When the 
well known Puccinia graminis, which has great economic importance by 
producing a destructive disease of cereals and grasses, became also one 
of the best illustrations of the division of a species into physiological 
strains or races, more or less well established, in some cases amount- 
ing to possible species, it assumed in the minds of many mycologists a 
typical position in reference to other rusts. It became common to speak 
of rusts as agreeing with Puccinia graminis in their life cycles and spore 
structures, or in showing a certain amount of deviation from it. This 


attitude has caused considerable distortion in the conception usually held 
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of the rusts, even by the foremost students of the order. It affects sys- 
tematic work adversely, keeps the terminology in an antiquated and ambig- 
uous form, and makes it difficult to institute legitimate comparisons be- 
tween different genera, species, or spore structures. 

One of the wrong conceptions, wrong when viewed in the light of 
present knowledge, is to make the genus Puccinia include all species that 
possess a two-celled, pedicelled and free teliospore (excepting those with 
teliospore imbedded in gelatinous matrix, separated under Gymnospor- 
angium), irrespective of the other morphological characters, or of the 
complexity of the life cycle, and furthermore, as part of the same concep- 
tion, to make the genus Uromyces include all species that possess the same 
kind of teliospore, only one-celled instead of two-celled. The writer be- 
lieves that the length and nature of the life cycle, which is a more unvary- 
ing character in the rusts than the one or two-celled teliospore (recall 
the Uromyces-Puccinia species on Allium, Sida, and some other hosts), 
should be accepted as a character for genera, as it is now quite generally 
accepted for species. Recognizing this as a valid generic character, and 
taken in connection with other characters, the genus Puccinia can be sep- 
arated into four genera (i. @., Dicwoma, Allodus, Bullaria, Dasyspora), 
and the genus Uromyces also into four (i.e., Nigredo, Uromycopsis, Kle- 
bahnia, Telospora). If other characters, as well as the life cycle, mostly 
now generally ignored, are taken into account, Puccinia Pruni-spinose and 
its allies should form a genus (T'ranzschelia) near to Ravenelia, on ace- 
count of the adherent pedicels of the teliospores and peculiar structure 
of the urediniospores; Uromyces rosicola, on account of its evident spore 
structure, will go into a genus (Ameris) near to Phragmidium, but with 
a more limited life cycle; Uromyces Terebinthi, and its allies, on account 
of the remarkably distinctive characters of both urediniospores and telio- 
spores, will form a genus somewhere between Ravenelia and Tranzschelia, 
while the similar Uromuces effusus, with a still more restricted life cycle, 
will go into another genus (Discospora). And in like manner quite a num- 
ber of other species now commonly included under Puccinia and Uromyces 
could properly be separated and distributed to other genera, with much 
improvement in the nomenclature and great clarification of the systematic 
affinities. Other genera beside Puecinia and Uromyces could also be shown 
to be overburdened with species whose life cycle, or morphological struc- 


ture, or both, entitle them to a different place in the systematic arrange- 
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ment, if the extent of the life cycle and characters other than those per- 
taining to the teliospore were called into account. 

The third epoch in the study of plant rusts (the second one being 
ushered in by DeBary’s demonstration of hetercecism and the first epoch 
preceding that time), may be considered to have started with the study 
of the nucleus and its behavior. This was begun by the work of Sappin- 
Trouffy and of Poirault and Raciborski some fifteen years ago, and ably 
continued by Blackman, Christman, Holden and Harper, Olive and others. 
The nuclear history in the rusts is still in a very incomplete state, and 
part of what has been gone over needs further substantiation. Hnough 
has been demonstrated, however, to modify profoundly our ideas of the 
Significance of the different spore forms, the relation of the spore struc- 
tures, and the possibility of sexuality. 

While it may be interesting to review the present knowledge of nu- 
clear changes in the rusts and show the bearing on taxonomy, it will 
suffice for the present purpose to bring up briefly a few points. It has 
been rather clearly shown that the rusts. possess well marked antithetic 
alternation of generations. The gametophytic generation has uninucleated 
mycelium, and gives rise to two kinds of spores, basidiospores and pyenio- 
spores, both uninucleated, and these are the only truly asexual spores 
formed in the life cycle. The sporophytic generation begins shortly after 
the pycnia mature, being inaugurated by a sexual fusion of cells. This 
act introduces the binucleated condition. In many species of rusts only one 
spore form (teliospore) is produced in the sporophytic generation. In 
other species there is an initial spore form (:eciospore), and usually a 
repeating form, in addition to the teliospore. All spores of this genera- 
tion are binucleated. In the gametophytic generation all species behave 
essentially the same. It is in what follows during the sporophytic genera- 
tion that the great diversity of the rusts is shown. 

If the first binucleated spores arising after sexual cell fusion are 
teliospores, no other spore forms in this generation are produced, and the 
life cycle is a brief one. But if the first binucleated spores are formed in 
what has been called an ecidium, coma, or primary uredo, they are 
essentially of the same physiological nature, whatever form they may take. 
Any such sorus may be called an :ecium, and the spores zeciospores, this 
being an extension in the previous application of the terms to cover the 
primary uredo. Possibly new terms would be less liable to introduce am- 
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biguity in subsequent discussions, but in this paper «cia will be under- 
stood to be the initial spore structures following the pyenia, when these 
structures are not telia. Such wcia are of varying complexity, the simplest 
being of the uredo-type with spores borne on pedicels and no peridium, 
intermediate forms being of the ceeoma-type, with spores in chains and no 
peridium, and the most highly developed being of the vecidium-type with 
a well-formed peridium. There is a wide difference in complexity of 
structure between the lowest uredo-type of wcia (¢.g., those of the so- 
called Chrysomyxra albida) and the highest wcidium-type (e.g., those of 
Acidium poculiforme belonging to Puccinia graminis). But whatever the 
degree of complexity they are all strictly cemparable in their relation to 
the life cycle of the different species to which they belong. 

In most genera having species with initial wcia more rapid and 
extensive dissemination is brought about by means of repeating spores, 
often called summer spores. A few genera, like Gymnosporangium and 
Calyptospora, have no repeating spores in present known species. The 
repeating spore structures are either isomorphic with the «cia, and are 
known as secondary ‘ecia and secondary uredinia, or they are hetero- 
morphic, and are known simply as uredinia. In either case the repeating 
spores arise from an infection by initial seciospores, and are not immedi- 
ately preceded by pyecnia. Repeating spores are binucleated, but do not 
arise from fusing uninucleated hyphie, as the initial seciospores do, for 
the mycelium on which they are seated is already binucleated, having 
been derived from a binucleated spore. 

The accompanying chart enumerates the best understood genera of 
the rusts, arranged in such a way as to show the essential features in 
the life history of the species. It embraces about three-fourths of all 
genera of the Uredinales recognized at the present time. The chief value 
of the chart is to emphasize the need of taking into account the full life 
eycle in order to compare or to contrast genera. It will be seen that 
many genera, possibly a third of all known, have no cia or repeating 
spores, but the formation of telin follows immediately upon the maturity 
of the pyenia. In the genera with secia increasing complexity of develop- 
ment is shown by the presence of heteromorphic repeating spores, cupu- 
late scia with catenulate seciospores, and heterccism while comparative 
simplicity of development is shown by isomorphic repeating spores, czeomate 


recia with pedicelled zeciospores, and autcecism. 


DIAGRAM 


Showing life history of 59 best known genera of rusts. 
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It is evidently a right conception, in view of the foregoing statement, 
to regard Puccinia graminis (a better name is Dicwoma poculiforme) as 
a representative of the highest development of rusts. But to regard it as 
typical of all rusts, or even of all rusts having «cia, is clearly asking too 
much of an illustration, and likely to involve grave misconceptions of 
structure and relative values. If the most essential features of the rusts 
were to be illustrated by the smallest permissible number of examples of 
common and well known species, I should select Polythelis Thalictri (Puc- 
cinia Thalictri) for the forms without zecia, Kuehneola albida (often called 
Chrysomyxra albida) for the forms with wcia and isomorphic repeating 
spores, and Dicwoma poculiforme (Puccinia graminis) for the highly de- 
veloped forms with secia and heteromorphi¢ repeating spores. 

A wrong conception, which is doing much harm to the taxonomic study 
of the rusts, is the view that seciospores and urediniospores are of the 
nature of conidia, that is, asexual spores, Comparable to the conidia so 
abundantly produced by mapry ascomycetous fungi. Cytological studies 
show, however, that in the rusts the only truly asexual spores, other than 
the basidiospores, are the pycniospores, and to these only can the term 
conidia be applied with approximate accuracy. The sexual process begins 
by the fusion of uninucleated lyphal cells, which immediately, or almost 
immediately, develop some kind of binucleated spore-structure. If only 
one kind of binucleated spore is produced by the species, it is properly 
called a teliospore. Such a teliospore has two nuclei in each cell, derived 
by a short succession of divisions from the two nuclei of the fusing cells. 
These two spore nuclei fuse into one nucleus prior to germination of the 
teliospore, thus completing the sexual process. If more than one kind of 
binucleated spore is produced, the initial kind may be called an zeciospore, 
whatever the morphological structure in which it is formed. It has 
arisen as the consequence of sexual cell fusion, just as in the preceding 
case, and has the physiological character of greatly stimulated growth 
associated with sexuality. This initial seciospere gives rise to a binucle- 
ated mycelium, which in turn generally produces binucleated repeating 
spores of the same or of a different form, and so on, until finally a telio- 
spore is produced in which nuclear fusion takes place, as in the first 
instance mentioned. The sexual process in this class of rusts extends 
from the cell fusion at the base of the «cia through all the succession of 
hyphal cells and repeating spores to the fusion of nuclei in the mature 


teliospore. 
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All rusts at present known fall into one of these two classes: the 
sporophytie generation gives rise either to a single spore-form, or else to 
initial and final spore-forms, with usually intermediate repeating forms. 
Whether one or more than one spore-form arises between the cell fusion 
and final nuclear fusion, constitvting the sexual period, all such spores, of 
whatever morphological structure, are of a sexual nature, the initial form 
(whether of the «cidiuim-type, caoma-type, primary uredo-type, or when 
none of these is produced, the teleuto-type) being the one which most 
clearly shows the stimulus of fertilization. 

The above facts, especially when taken in connection with the highly 
differentiated structures associated with the initial and repeating spores, 
often being quite equal or superior to those of the teliospores, show every 
reason that may be based upon morphology and development for consider- 
ing the initial and repeating spores as practically of equal taxonomic 
rank with the teliospores. To illustrate, a genus founded upon a repeat- 
ing stage, like the genus of imperfectly known fern rusts, Milesia, should 
be as valid as if founded on the telia. This genus has recently been re- 
christened Milesina on the ground that the original name, given in 1870. 
is invalid because it was only applied to the uredinia and not to the telia. 
Again, now illustrating with a specific name, the hetercecious rust which 
was first specifically called poculiforme was described in its cial stage 
under d4fcidium, and according to the preceding argument on the impor- 
tance of the initial spores, this name having priority, although not at the 
time made to include the telia, should be used, whatever genus name be 
considered the best, as e. g., Dicwoma poculiforme or Puccinia poculiformis, 
not Puccinia graminis. 

From the foregoing it will be seen that for purposes of taxonomy 
names applied to the pycnia (spermogonia) may properly be ignored, on 
the ground that they apply to asexual or conidial structures, but that 
names applied to «cia and uredinia (cidium, Caoma, Peridermium, 
Uredo, and other such forms) should haye the same standing as names 
applied to telia (teleutospore stage). 

I have tried to show that the main features in the life cycle of all 
rusts exhibit essential uniformity, there being two large groups, one with 
a single form of spore (teliospore) in the sporophytic generation, and the 
other with additional initial and (usually) repeating spores, and that the 
great diversity lies in the details of their structural development. It is 
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difficult to give a clear and concise account of the general features of the 
rusts on account of the inadequate and ambiguous terminology at present 
in use. It appears to be unquestionably established that the spore struc- 
tures of the rusts are not to be homologized with those of the Ascomycetes, 
and that taxonomic practice in the rusts should not be influenced by what 
is correct or expedient in the Ascomycetes or other fungi with strongly 
marked conidial and sexual forms, but be based upon the unique char- 
acters of their own development. 

Right conceptions of the rusts, according to the writer’s position, are 
those based upon the full life histories of the species, taking into account all 
the present known facts, and wrong conceptions are based upon partial 
life histories, and on ideas derived from other fungi and formerly supposed 
to apply to the rusts but now known to be inapplicable and misleading. 

Purdue University, 

Lafayette, Indiana. 
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THe Errect or PRESERVATIVES ON THE DEVELOPMENT OF 
PENICILLIUM. 


By KaTuHerINne Gotpen Birrina. 

In examining ketchup fer the organisms present, it was noted that the 
hype of moulds in preserved ketchup were swollen and distorted. In 
many of the brands of ketchup, the mould present was the common blue 
mould, Penicillium. As this mould is apparently omnivorous in habit, 
thriving and fruiting on many media, has been used in many physiological 
investigations to determine the nutritive value of many compounds, grows 
normally in liquid media, and fruits normally in a saturated atmosphere, 
is regular in its germinative power, and, so far as known, constant in 
form, it was selected to determine the effect of sodium benzoate, used in 
varying quantities, on its structure and development. ‘The media used in 
the experiments were tomato bouillon, tomato gelatin, and tomato pulp, 
and were selected because the tomato juice and pulp are present in ketchup, 
and also because they do not alter the toxic properties of the agents used 
toward the fungus. Afterwards the condiments used in ketchup weve 
tested and also the ordinary food preservatives, though not so extensively 
as the sodium benzoate. In these latter experiments tomato bouillon was 
the oniy medium used. 

The bouillon was made by adding to a can of tomatoes an equal vol- 
ume of water, boiling for about half an hour, and then filtering. The 
filtrate is clear, and a good medium for growth. It has an acidity of ap- 
proximately .2% calculated as citric acid. Fer the tomato gelatin, 10% of 
gelatn was added to the tomato bouillon, cleared with egg, and filtered. 
The tomato pulp was obtained from a factory, and was made fram whole 
tomatoes. To these media the sodium benzoate was added in the various 
amounts used in factory practice. Before sterilizing the media, calen- 
dered paper was tied closely over the cotton plug to prevent the distilla- 
tion of the benzoate. After sterilization and cooling, the media were 
inoculated with spores from a vigorously growing culture of the mould. 
During development, the cultures were kept at room temperature, unless 
otherwise stated. The method of culture was by moist chambers and flasks 


for the bouillon and gelatin, and Petri dishes for the pulp. The moist 
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chambers had a few drops of the culture medium placed in the bottom, 
so as to keep the vapor tension unaltered. 

The cultures were examined at regular intervals, as indicated in the 
tables, those in the flasks having specimens taken for examination with 
the miscroscope. The points noted were the swelling of the spores pre- 
ceding germination, the length of hyphie, and the earliest appearance of 
conidiophores, for the cultures in the moist chambers. For all other cul- 
tures a hand lens was used to determine the first appearance of germina- 
tion. The appearance of the conidia was shown by the blue color, and the 
maturing by the change in color from the blue to green, and then to olive. 
The volume of mycelium and conidia was noted to determine the extent 


of development. 


PENICILLIUM GROWN IN TOMATO BOUILLON 500 cc. 70° F. 


Per Cent Time to 
Seal ete Germ. Development. 
Hours. 
_— 24 Spores germinated. 
48 hours—surface covered. 
72 hours—spores developed, surface blue. Hyph uniform in outline, protoplasm 
homogeneous, many vacuoles. 
120 hours—fully matured. 
1-12 48 Thin ring at edge, small colonies submerged. 
120 hours—surface covered, blue. Hyphw, uneven outlines, protoplasm granular, 
walls broken easily 
240 hours—fully matured. 
1-10 48 Slightly less developed than in the preceding, otherwise alike. 
240 hours—fully matured. 
1-5 120 Thin interrupted ring at edge. 
168 hours—spores swollen, irregular in outline, filled with coarsely granular pro- 
toplasm, walls broken by cover glass. 
336 hours—surface dotted with colonies, showing blue spots. 
348 hours—fully matured. 
1-2 —~— 


The effect of the sodium benzoate on the development is shown in a 
retarded and abnormal development. these being accentuated as the amount 


of the salt was increased, to a point where no development occurred. 
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PENICILLIUM GROWN IN 10% Tomato GELATIN. 100 cc. 70° F. 


Per Cent utes 
Shdl, eae Germ. Development. 
' Hours. 
— 24 White colonies dotting surface. 
96 hours—surface covered, green, mature. 
1-12 24 Same as control. 
1-10 24 Same as control. 
18 24 Same as control. 
1-6 24 Less developed than control. 
96 hours—surface covered, nearly all green. 
432 hours—mycelium curled up round edges. 
1-4 48 Small white colonies dotting surface. 
96 hours—surface covered, nearly all green. 
342 hours—mycelium curled from edges to center. 
1-2 72 Small white colonies dotting surface. 


96 hours—surface about two-thirds covered, center green. 
342 hours—mycelium curled up so as to enclose the spores. 


In this experiment in which a solid medium was used, the effect of 


the sodium benzoate on the development of the mould was not marked, 


except in the cultures containing the larger amounts. In these there was 


a slight retardation, and also a curling up by the mycelium from the sub- 


stratum. 


PENICILLIUM GROWN IN TOMATO BOUILLON IN Motst CHAMBERS, 70° F. 


Per Cent LMS 
SEAL [sea Germ. Development. 
Hours. 
== 24 Short tubes formed. 
48 hours—well developed colonies forme 1. 
1-12 24 Short tubes formed. 
48 hours—colonies smaller than in the control. 
1-10 24 Tubes just forming. 
48 hours—less development than in the 1-12th solution. 
1-8 24 Less than in the 1-10th solution. 
48 hours—less than in the 1-10th solution. 
1-6 48 Spores germinate1, shorter tubes than in the 1-Sth solution. 
1-2 96 Spores germinated, short tubes. 
Nove.—In 120 hours the control was exhausted, having empty hyphe; the 


other cultures, with the exception of the 4% solution, have hyphe with many 
vacuoles in the protoplasm, the conidiophores formed are apparently normal. 
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The effect of the antiseptic on the development of the mould grown 
in the moist chambers was not so pronounced as when a larger quantity 
of solution was used. Neither was the effect always uniform; sometimes 
the spores in the 4% and the 4% solutions merely swelled, but no develop- 
ment of hyphz occurred; in others short tubes developed from some of 
the spores, while still other spores showed no changes whatever. 

To test the effect of the larger quantity of solution, inoculations were 
made into flasks containing 100 and 500 cc., respectively, of the solutions. 
The results indicated that the effect of the antiseptic on the mould de- 


velopment was greater when grown in the larger quantity of the solution. 


PENICILLIUM GROWN IN TOMATO PULP, IN PETRI DISHES, 65° F. 


Time to 
Per Cent G 
Sod. Beny. ae Development. 
s = 
-— 72 White colonies dotting surface. 
96 hours—spores formed. 
192 hours—surface covered, green. 
1-12 144 White colonies growing up on side. 
192 hours—spores formed on one side, colonies starting in center. 
1-10 192 Colonies started in center. 
312 hours—spores formed. 
1-8 | 144 White colonies growing up one side. 
192 hours—spores formed. 
6 | — - - —— 
1-4 — | -- 
© ne ee 


The pulp used in the experiments was of fine quality, and without 
any added ingredients such as are used in ketchup, and was used so as to 
determine the action of the sodium benzoate alone in the pulp. During 
the early stages of development, the mould grows down into the pulp, so 
that the whole surface of the hyph:e acts as an absorbent and would thus 
be affected to a greater extent than where only a part of the surface was 
in contact. This may serve to explain the more pronounced action of the 
sodium benzoate when in the pulp, and also the fact that after the mould 
has developed sufficiently to grow out of the pulp the development becomes 


more nearly normal. 
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The experiments were repeated many times and show slight varia- 


tions, but the results as shown in the tables given are fairly representative. 


BENZOIC ACID IN CRANBERRIES. 


The occurrence of benzoic acid in cranberries has been cited so often, 
and in a manner that is often misleading, figures obtained by Lafar’ on 
the low-bush cranberry, Vaccinium Vitis Idaca, being given for the common 
cranberries, Vaccinium macrocarpon and Vaccinium Oxrycoccus. Vac. Vitis 
Idaeca is a common form in Europe, growing wild, and also in this country 
in Nova Scotia, and though it is imported into the United States, it is not 
the form which is used to any extent as compared with Vac. macrocarpon. 
the large cranberry and Vac. Orycoccus, the small cranberry. The amount 
of benzoic acid in V. Vitis-[daea, as quoted by Lafar, varies from .64—86 
grams per liter. 

Testimony’ given before the committee on interstate and foreign com- 
werce of the House of Representatives on the pure food bills in February, 
1906, gave the amount occurring in raw cranberries as 3%. and that half 
of this was volatilized in the cooking. It was not stated which of the two 
American species was used for the determination. These figures have not 
been verified, so far as known to the writer, though diligent search has 
been made in many chemical and food journals. 

There is undoubtedly an antiseptic present in cranberries, a fact known 
to any one who has made either cranberry jelly or sauce, as these can be 
kept without spoiling for a long time, even when exposed to the germs in 
the air. 

Experiments were made to determine the effect of growth in cran- 
berry juice on the development of the organism used in the previous ex- 
periments. 

The cranberries selected were the small oval ones, said to contain 
the largest amount of the antiseptic and were tested in three ways: 

1. 200 grams were crushed in a mortar, then covered with 200 ce. 
water, and allowed to stand for 12 hours, after which the juice was 
filtered. 

2. 200 grams placed in an open vessel in the sterilizer and steamed 
until the cranberries were soft, after which they were crushed in a mortar, 


1 Lafar, F., Technical Mycology, Vol. I, p. 117, 1898. 
*The Canner and Dried Fruit Packer, Vol. XXVI, No. 8. 
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had 200 ce. water added, then stood for 12 hours, after which the juice 
was filtered. 

3. This was similar to 2, but the vessel was covered closely during 
the steaming. 

For the experiments, 50 cc. of the filtrate from each set were placed 
in flasks. They were inoculated with the mould without any previous 
sterilization. The following table shows the time required for, and the 


effect on, development : 


PENICILLIUM GROWN IN CRANBERRY JUICE. 


s 


Days to 
Mepium. Germinate. Development. 
Rawitiices. toe cenn5. See ore 4 | Short tubes. 
7 days—only small white colonies. 
. | € . 
Juice cooked, open. . 2 Short tubes. 
7 days—colony green, 
Juice cooked, closed 2 | Surface nearly covered, white. 
| 
7 days—surface green. 
Raw juice+ 10cc. water. . ‘ 3 Small white colony. 
| 7 days—surface green. 
| 
Juice cooked, open + 10ce. water 2 Surface nearly covered. 
| 7 days—surface green. 4 
[> > 
Juice cooked, closed + 10cc. water 2 | Surface nearly covered. 
; | 7 days—surface green, 
| 


After two weeks’ development, the color of the spores of Penicillium 
was a yellowish green, instead of the normal bluish green, and the my- 
celium was very scantily developed. ‘The surface had a somewhat granu- 
lar appearance, instead of the smooth, even appearance of a normal culture. 
The filaments, when seen with the microscope, were thin, shrunken, and 
clear, with distorted outlines. The cultures were kept for months, re- 
maining scanty and granular looking, and a peculiar feature was that no 
development of bacteria occurred, even in the uninoculated ones, though 
no sterilization had been done, and the uninoculated were exposed to the 
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air at times. Sometimes the cultures become infected with yeast, which 
will develop in a normal manner, seemingly not affected as is the mould. 

The antiseptic in the cranberries was weakened by the cooking, and it 
made little difference whether the vessel in which they were cooked was 
open or closed, development occurring in the same time in both. It is 
probable that the contained acid would evaporate to a greater extent if 
the cooking had been done on a stove, as they are cooked ordinarily, in- 
stead of in the enclosed sterilizer. It is also probable that some of the 
antiseptic property is due to the astringent present. which is said to be 
destroyed in the cooking’, and which gives the raw cranberry its unpleasant 
taste. This is further borne out by the fact that the effect produced on 
the mould is different from that produced by the benzoate, used either as 
a sait or acid. 

In nearly all the experiments with other media, in which sodium ben- 
zoate was used, in the lesser amounts, the organisms though delayed in 
germination, and at first forming an abnormal development, apparently 
became accustomed to their environment, and later developed fairly nor- 
“mally, which is different from the result in the cranberry juice, in the lat- 


ter the restrictive effect persisted. 


CONDIMENTS. 


salt. 


sugar, celery, cinnamon, cloves, garlic. ginger. mace, mustard, paprika, 


The condiments used were those which are used in ketchup 


black, white, and red pepper, and vinegar. Along with these acetic acid 
and alcohol were also tested. With the exception of the cinnamon and 
cloves, the other spices showed slight antiseptic properties, so are not re- 
ported. They were tested in the form of infusions, made according to the 
method of the U. 8. pharmacopoeia*, also as acetic acid and oil extracts. 
The ordinary table salt and sugar were used. The quantities of the con- 
diments used in the report were determined after a series of experiments 
had been made to locate their point of inhibition. 


1 Willis, C. R., Practical Flora, p. 174, 1894, 
*U. S, Dispensatory, 19th ed., p. 651. 
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The tables show the germinative power and also the gross effect in 
development. The moist chamber cultures gave closer results on the ger- 
mination and the earlier effects on growth, but were not as satisfactory 
as the flask cultures in showing the general effect on development. In 
the flasks the amount of development, the method of formation, and the 
color in maturing could be seen to better advantage. 

The 5% salt had a retarding effect, and also induced an abnormal de- 
velopment, the growth being confined to a small amount of curled surface 
mycelium not spreading normally over the surface, and some submerged 
colonies. The sugar caused a delayed, stunted development, sometimes 
the growth in the 50% consisting of a scanty, submerged mycelium. In 
lesser amounts than 25% a thin surface mycelium forms, with a thick 
layer of spores. The cinnamon and cloves in the 5% solutions were stimu- 
lating, while stronger solutions retarded the development, the cloves being 
stronger in action than the cinnamon. In the 5% solution of alcohol in 
the moist chambers the conidia became swollen as they do previous to 
germination, but no further development took place. In the flask cultures 
the action of the alcohol was weaker, the conidia germinating and forming 
small colonies, which was probably due to the evaporation of the alcohol, 
causing the solution to become weaker on standing. The 4% acetic acid re- 
tarded growth, and caused the mycelium to wrinkle. In all the flask ecul- 
tures with the exception of the alcohol the effect of the condiment of cor- 


responding per cent. was stronger than in the moist chambers. 


PRESERVATIVES. 


The preservatives are those which have been used in foods, and used 
in approximately the same amounts. The results show that they have a 
retarding effect on the development of the mould, even when in small 
amounts, and that most of them become inhibitive when the amounts are 
increased, the increase not exceeding the amounts which have been used in 


foods. 
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The results indicate the acid to be stronger in its effect than the cor- 
responding sait, though Penicillium is a plant which grows luxuriantly on 
acid fruits. The sodium sulphite bleached the solutions, $% being a pale 
straw color. The copper sulphate solutions were also changed in color, 
the 4% solution was a decided green. 

In all cases microscopic examination was made of material from the 
flask cultures, and indicated more conclusively than the gross appearance 
the effect on the development. Submerged colonies have been used for 
the reports in the table, as they are more uniform. The surface colonies 
have the characteristics of the submerged in their earlier growth, but as 
development proceeds and the hyphie grow away from the medium, the 
characteristics May change, sometimes more nearly approaching the nor- 
mal, or they may develop characters more pronounced than the submerged. 
In a few instances, only submerged colonies, and in the raw cranberry 
and cinnamon solutions only surface colonies, developed. In making meas- 
urements the germinated spores were used, and only the average sizes; 
the extreme in size was avoided, as not giving a fair estimate of the effect 
of the preservative. Where only one measurement is given, it indicates 
that the spores were fairly uniform; where two measurements are given, 
the spores showed such strong variation that an average was taken of the 
smaller and also of the larger instead of taking the average of the two 
sets. The hyphre were measured but varied so much that it was thought 


a better estimate could be obtained from the photographs. 


Microscopic APPEARANCE OF PENICILLIUM GROWN IN PRESERVATIVE 
SOLUTIONS. 


Size of 
PRESERVATIVE. Germinated | Characteristics of Development. 


| Conidia in //. 
| | 


Control. . Teoh 8.5 Hyphe somewhat irregular in outline near germinated conidia, ta- 
| pering tips, homogeneous protoplasm, many large round 
vacuoles. 

Salt, 6%. .. ; 7.6 Hyphex short, distorted, homogeneous protoplasm, no vacuoles, 


blunt tips. 


Sugar, 50% 7.6 Hyphz shrunken, distorted, homogeneous protoplasm, vacuoles 
show as pink spots, giving a beaded appearance. 
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Microscopic APPEARANCE OF PENICILLIUM—Continued. 


PRESERVATIVE. 


Size of 
Germinated 
Conidia in //. 


Characteristics of Development. 


Cinnamon: 10%. 0. ce esau! 


Cloves, 10%........ 


G@ranhery, PAW. .s -<0: <2 0s 


Cranberry, cooked, open..... 


Cranberry, cooked, covered . . 


PRICHHOIN OU Geetvas> +). Co0 snes: 


Acetic acid, 1-5%.......... 


Sodium benz., 1-5%......... 


Benzoic acid, 1-10% 


OLAX Dom tienen tee oe 
BOLIC CIds IDL Genk). esse 


Sodium salicylate, 1-5% 


Salicylic acid, 1-5%......... 


Sodium sulphite, 1-5% 


saccharin, 1-59). .c 6.2. < 


Copper sulphate, 1-5% 


13.3 


7.6 


6.7 


7.6 


15.2 


13.3 


11.4 


Hyphx swollen, Llunt tips, protoplasm finely granulir, without 
cohesion, walls break with weight of cover-glass. Few sepia 
in some, in others prominent. Few side branches. Hyphe dis- 
organized when placed in water. 


Hyphe swollen, blunt tips thicker than older part, short thick side 
branches, finely granular protoplasm, not so badly disorganized 
as in cinnamon. 


Hyphe shrunken, distorted, tendency to develop conidiophores close 
to germinated conidia. 


Hyphe thin, tapering, protoplasm finely granular. 


Hyphe slender, tapering to threads, protoplasm reduced to lining 
of walls, coarse granules, many septa. 


Hyphz swollen, distorted, walls tough, protoplasm clear. 


Hyphe enlarged, blunt tips, few septa, short side branches, proto 
plasm finely granular. 


Hyphe and conidia swollen and distorted, no uniformity in forma- 
tion of septa, some hyphe, few, others many; protoplasm coarse- 
ly granular, filling tubes; walls break readily. 


Hyphe larger than in benzoate, more easily broken, distorted. 
Less swollen hyphe have less distortion and less disorganiza- 
tion. 


Hyphe short, distorted or long and swollen, blunt ends, proto- 
plasm clear, homogeneous or finely granular. 


Hyphe swollen, short thick side branches, blunt ends, protoplasm 
finely or coarsely granular. 


Hyphe as wide as germinated conidia, few septa, granular proto- 
plasm. 


Hyphe and conidia swollen, some of the conidia much elongated, 
hyphal ends blunt, few septa, protoplasm yellow, coarsely gran- 
ular, protoplasm and walls disorganized. 


Hyphe enlarged, few septa, protoplasm coarsely granular. 


Hyphe enlarged, some much swollen, slight distortion, clear, homo- 
geneous protoplasm, thick, stunted conidiophores. 


Hyphe enlarged, slight distortion, protoplasm yellow, finely gran- 
ular, dirty apnearance. 


Microscopic APPEARANCE OF PENICILLIUM—Continued. 


Size of 
PRESERVATIVE. Germinated Characteristics of Development. 
Conidia in //. 


Sodium formate, 1-5%...... 13.3 Hyphe swollen, coarsely granular protoplasm, short side branches, 
blunt ends, disorganized, or normal] size with fine granules and 
many vacuoles, some cells empty. 


Sodium formate, 1-2%...... 13.6 Hyphe swollen, coarsely granular, short side brinches which do 
not develop, blunt ends, disorganized, break easily. 


Formic acid, 1-5%.......... 14.0 Hyph swollen coarsely granular, blunt ends, many broken, cr 
y oarsely 
/ normal size, finely granular, many vacuoles. 


Formic acid, 1-2%........ ; 11.4 Hyphx swollen, coarsely granular, yellow, distorted, badly di - 
41.8 organized, break easily. Nearly all germinated conidia broken. 


The sugar and salt caused the hyphre to shrink and to assume dis- 
torted shapes when in sufficient amounts to cause a retardation. The 
cranberry juice, both raw and cooked, also caused shrinkage, and the raw 
juice a distortion. All of the others caused the conidia and hyphie to 
swell and some of them also caused a distortion. The mould grown in the 
alcohol solution had tough walls in spite of the swelling, and a clear, 
sharp appearance. The borax and boric acid also produced a clear ap- 
pearance. The sodium benzoate, benzoic acid, sodium salicylate, salicylic 
acid, sodium formate, formic acid, acetic acid, and cinnamon produced 
swelling, distortion, a disorganization of both the protoplasm and cell wall, 
and a yellowing of the protoplasm. The cell wall had no elasticity nor 
toughness, so that the placing of the cover-glass gently on a mount was 
sufficient to break the walls of the more distended hyphie and to allow the 
protoplasm to flow out. The protoplasm appeared to be without coherence ; 
when the wall gave way, it flowed in all directions, as if it were composed 
of loose particles having no cohesion. The sodium sulphite, saccharin, 
cloves, and copper sulphate growths had similar characteristics to those 
enumerated for the other preservatives, but not so strongly developed. 

In suinmarizing the results, there seem to be two different actions 
induced by the action of the substances on the protoplasm, in one case a 
plasmolyzing effect causing a shrinkage and distortion, as in the salt and 
sugar, and in the other case a toxic effect producing a disorganization of 
both the pretoplasm and wall, and a discoloration of the protoplasm, the 


substances showing varying degrees of toxic power. 
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GERMINATION FROM PRESHRVATIVE MATERIAL. 
To determine if there were a permanent deleterious effect produced 
on the plant through the toxic effect of the chemicals, inoculations were 
made from two weeks’ old cultures into tomato bouillon. The result is 


shown in the table: 


GERMINATION OF PENICILLIUM GROWN IN PRESERVATIVE SOLUTIONS 
14 Days. 


Number 
PRESERVATIVE. Days to Stage of Development in 5 Days 
Germinate. 
LOGEC LER TP oak lees oat ee sat hescugae wed | 1 Surface covered, green. 
Sodium benz. 1-10%.............. SE CRC 2 Surface covered, green. 
GAS, tA nel a ae 2 « oO Se 
Po iis nein eee RAE SHe Ce 4 Thin ring, having blue dots. 
Penzoic acid, 1-10%...... ae. ’ se 2 Surface nearly covered, green. 
ee * Ee Ae Stks ae aoe ae ae 4 Small surface colonies, blue. 
oy os EDL Le op AAS ee ee ae em Ae - 
BOLD lO Gp erase arses ss ms as nee 2 Surface covered, green. 
HOS mate ect Ace tat atte Atk = 2 One surface colony, green. 
s oat Ane ee Ue kn eee ieee - 
ESOL CPL CIC owl —I OU/qrrners eta asin <jse tty ath ciaters are Rao 1 Surface covered, green. 
ts BSE ade ma Gao Ue oe eee Lae coe 2, a nearly covered, green in center. 
ue Ce RLU Ae era Van ee eee Lie, 5 Few submerged colonies. 
Soderedhiculateil 10940 eee en ween ae 1 Surface covered, green. 
oe 1= 5 Gee oe ~ Se 2 ne us o 
Or aos TOG ae eas Peer eden oe MON bs 1 v se 
Salicviacmeids ll 0%). fete sce ee tne owe 1 fs ie : 
EG 1a ASS ae see i bs tee: 1 4 
ce 3 OLY ie Nee renee ra As ae ate - ——_——— 
Sodmsulphiie i —l0% ese raes ators ace : 3 Colonies on surface, green. 
“ & 1=5%....... Baty ere ee 2, Surface covered, rs 
« . 1-2%..... TN Sec See eee - 
Sacobcr nel od (\o/ameyeeuetee cir a A a ane Ne pen 2 Surface covered, green 
a EIU ie ee Ee ae Ae ie Sa er ee e ff be 
ei TEED LY eee ed eet eae ree 1 se a is 
Copper sulphate, 1-10%....... is EL: A nea 3 Colonies on surface, green. 
Ye us EAU SR Sa Me heen as a ee 2 Surface covered, i 
3 f DO /Giee eee cee Ie ae eee 2 « = iS 
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The germination and subsequent development indicate that the pre- 
servative affected the conidia deleteriously, as some were retarded, while 
the conidia from the solutions showing the strongest effects on the previous 
development, did not germinate, except from the 2% boric acid solution 
which formed a few submerged colonies, no surface development taking 
place. Lafar’ states that the waterproof character of the conidial walls 
has a value in preventing the entrance of poisons to the protoplasm, but 
in the cases noted it is either dissolved by the chemicals or powerless to 
prevent their passage, for the results indicate that they exercised a de- 


cided toxic effect on the protoplasm. 


SUMMARY. 


Salt and sugar injure the plant by preventing normal action of the 
protoplasm through plasmolysis. 

Aleohol hardens the protoplasm and walls and prevents development. 

Cranberry juice, both raw and cooked, retards development and causes 
shrinkage, though not having the appearance of the shrinkage due to plas- 
molysis. 

All of the other chemicals tested acted as poisons on the protoplasm, 
retarding development and causing abnormal swelling and disorganiza- 
tion of varying degrees of intensity on both the protoplasm and cell mem- 
brane. 


Lafayette, Ind. 


EXPLANATION OF PHOTOGRAPHS. 

The photographs have the same magnification, 895, so that compatri- 
sons may be made as to the effect of the preservatives. The specimens 
were submerged colonies in all cases except the raw cranberry and cinna- 
mon, and no submerged colonies developed in these solutions. The en- 
deavor was to have all of the same age, but this was impossible, as some 
developed much more rapidly than others, and in those which were slow 
in developing it was impossible to determine the changes which the conidia 
may have been undergoing before the development had attained the colony 
stage. The submerged colonies were used as soon as they made their 
appearance. In some of the specimens that show little or no swelling the 
disorganization can be seen in the collapsed ends of the hyphie and the 
floating fragments of protoplasm. 


1 Lafar, F., Technical Mycology, Vol. II, Part 1, p. 40. 
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1. Control -conidiophore and hyphe. 2. Mycelium, grown in tomato pulp. 


3. Hyphe from ketchup preserved with 
sodium benzoate. The label gave 
amount as 1-10%. 


Mycelium from 5% salt solution. 


t= 
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5. Mycelium from 50¢ sugar solution. 6. Mycelium and conidiophores from 10% 


KP AP yeh re Fi ~STA  ee 
7. Mycelium showing disorganized hy- 8. Mycelium from 10% vinegar (50 grain.) 


phe from 10¢% clove solution. 
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9. Mycelium from 1-5% acetic acid solu- 10. Conidia from 9.6% alcohol solution. 
tion. ; 


; " i . 2 : a “= i > é 
sa) — = ‘ ae fy sr 
ie eee ae at Ta! et Fis , 5.2 meee. ae 
11. Mycelium and enlarged conidium 12, Mycelium swollen and disorganized 
from 1-5% sodiam benzoate. from 1-5% benzoie acid solution. 
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so cea cae Saved oa 
13. Colony from raw cranberry solution. 14. Mycelium with disorganized hyphal 
ends from sonra (open) cranberry 
solution. 


WIV 


15. Mycelium with swollen conidia from 
cooked (closed) cranberry solution. 


J 3 » | ‘ Pres 
16. Mycelium from 1-5¢ borax solution. 
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17. Mycelium from 1-5% boric acid so- 18. Mycelium from 1-5% sodium salicylate 
lution. solution. 


An yr / 
Cr, 4f y | 
V/. a 


- 
ee 


19. Germinated conidia and hyphe from 20. Mycelium from 1-5% sodium sulphite 
1-5% salicylic acid solution. solution. 


416 


be wes 


21. Mycelium from 1-5¢% saccharin solution. 22. Mycelium foots 1-5% copper sulphate 
: solution. 


23. Mycelium with disorganized hypbal 24. Mycelium with disorganized hyphe 
ends from 1-5¢ sodium formate. from 1-5% formic acid. 
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FurtHer Notts on Trmotuy Ruvust. 
By FRANK D. KERN. 


At the last meeting of the Academy, November 27, 1908, the writer 
presented a short paper on “The Rust of Timothy,’* in which the history 
of its occurrence in this country was discussed and its distribution at that 
time was given. The remark was made, although not incorporated in the 
paper, that this rust had not yet been reported from Indiana but that it 
was becoming more general in its distribution and might be expected here 
sooner or later. Since this prediction has come true within the year it is 
considered worthy of mente) at@his time. A collection consisting only 
of summer spores (urediniospores) was made in October, 1909, near Co- 
lumbus, Indiana. Last year the fungus was known in states both east 
and west of Indiana, so that while this report does not extend the range 
geographically, it is nevertheless of especial interest since it is the first 
definite information we have of its advent into the State. A second col- 
lection made in November at the same locality shows also a few winter 
spores (teliospores). It is of further interest to note that where the rust 
was found it was low ground with unusually rich soil. The place was 
originally a wet swamp but is now tile-drained. None was found on the 
high land adjoining. Low regions furnish more moisture in the atmos- 
phere surrounding the plants, especially at nights, and this means better 
conditions for the germination of the spores. 

In the paper read last year it was said that this rust was seemingly 
increasing in its distribution. The season of 1909 has proved the correct- 
ness of this prediction. A specimen was collected in September, 1909, in 
Maine by Dr. J. C. Arthur. This is the first collection that the writer has 
seen from the New England states. Last year Wisconsin was the most 
western state which had reported the rust. This year it has been found 
as far west as Minnesota, according to a report recently received from 
an official of the U. S. Department of Agriculture. 


1Only an abstract of this paper appeared in the Proceedings of the Academy 
for 1908, p. 85, but it was published in full in Torreya, a Journal of the Torrey 
Botanical Club, Vol. 9, pp. 3-5, Jan., 1909. 

*This collection was made by Mr. C. G. Hunter, on his farm near Columbus, 
and communicated by him to the writer. 


[27—23003 ] 
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The present known range is from Maine west to Minnesota, south to 
West Virginia and Indiana. Collections from the following states have 
been examined by the writer and are represented by specimens in the 
herbarium of Dr. J. C. Arthur at Purdue University, where the writer 
has carried on the major part of his studies. The collectors’ names are 
included in parentheses. 


Delaware (Jackson). 

Indiana (Hunter). 

Maine (Arthur). 

Michigan (Arthur, Kern). 

New York (Webber, Reddick, Edgerton, Stone). 
Ontario (Arthur, Dearness). 

Pennsylvania (Swmstine). 

West Virginia (Sheldon). 

Wisconsin (Davis). 

During the year no additional facts have been brought out which 
throw any light on the specific standing of the timothy rust. The writer 
is still of the opinion that it is not entitled to specific rank and would in- 
clude it under Puccinia poculiformis (Jacq.) Wettst. (Pueccinia graminis 
Pers.) The statement made kist year could, perhaps, be somewhat modi- 
fied. Rather than calling it a race, physiological species or form species, 
it might be better to consider it a variety or subspecies since it does, as 
previously pointed out, possess some slight morphological differences from 
the typical form, particularly in the smaller secial cups and the more deli- 
eate uredinial mycelium. 

Purdue University, 

Lafayette, Ind. 
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Tar WoopLot FoR CENTRAL INDIANA. 


By H. C. Preaa and M. B. THOMAS. 


INTRODUCTION. 


The purpose of this paper is to show as accurately as possible with the 
information at hand the conditions of central Indiana woodlots and to 


make suggestions for their improvement and perpetuation. 


A SHORT HISTORY OF INDIANA’S FORESTS. 


Karly explorers of Indiana found a wilderness of giant trees. Upon 
the tops of hills and higher ground were such trees as beech, hickory, oak, 
hard maple, walnut, ash and tulip; in the richer lowlands were the elms, 
buckeye, basswood and soft maples; and tall sycamores and overhanging 
willows lined the banks of the streams. It was not uncommon to find 
trees nearly two hundred feet in height and twenty to twenty-five feet in 
circumference. Everywhere smaller trees, shrubs and herbaceous plants 
struggled for their requisite amounts of sunlight. A spongy mass of forest 
litter made a floor that held rainfall and fed the innumerable springs, 
which in their turn supplied the streams and rivers with a constant and 
uniform volume. Such was the unbroken forest. 

Clearing.—It was soon discovered that Indiana’s soil was well adapted 
to agriculture. The early settlers began the work of forest destruction by 
clearing their homesteads for agricultural purposes. Regular log-rollings 
were held at which tree after tree was cut down, piled in log heaps and 
burned. Such work at that time was justifiable because timber was very 
plentiful and because the ground thus cleared was necessary to furnish 
a living for the ever increasing population. 

Lumbering.—For this reason much of the land was cleared. Official 
records, which begin in 1870, show an acreage of 7,189,334 acres in tim- 
bered lands. In 1880 only 4,335,000 acres were left. As Indiana became 
more thickly settied, better houses, cities, roads, railroads and factories 
were being built, each requiring a certain amount of timber for construc- 
tion. And in additional ways the consumption steadily increased. The 
towns and cities afforded market places, the roads and railroads a means 
of transportation for lumber. Thus began the other chief influence in 
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forest destruction. By 1890 over 2,500,000 acres more were cleared, of 
which 75,000 acres became waste land. The timber supply of the East 
was falling, the demand increasing. Then Indiana ranked fifth with the 
states of the Union in the total output of lumber. In 1907 she ranked 
twenty-seventh. 

At the present time there are probably less than a million acres of 
woodland in the State. This fact shows us the truth of the prophecy made 
twenty-five years ago that “At the present rate of consumption the forests 
of the State must soon cease to be commercially important.” Very little 
now remains of the once seemingly inexhaustible supply of valuable tim- 
ber, such as oak, walnut and yellow poplar. 

Formation and Evolution of the Woodlot.—It is with this small re- 
mainder, especially that portion which lies in the central part of the State, 
that this paper deals. Formerly the farmer removed only the timber on 
the land he actually needed for agricultural pursuits. Gradually, as his 
needs increased, he extended the boundaries of his fields. The trees which 
he removed more than furnished him with firewood and other necessary 
timber. But when a market was opened up the owners began to cut the 
still vast forests for purely financial reasons. These became more and 
more exhausted until now very few acres of virgin timber, and compara- 
tively few of any kind, remain. ‘The farmer is at present apparently sat- 
itfied with his acreage of cultivated land, good timber is too scarce for 
extensive clearing or sale, and he is willing that a small portion of his 
farm should remain covered with a more or less depleted forest in order 
to provide wood for general purposes about the farm. ‘These are the chief 
reasons for the presence of a woodlot today. Some timber was left be- 
cause it was difficult to reach. Other tracts were left because of the pas- 
turage they afforded in the grass which sprang up when the dense forest 
cover was partially removed. So, for one reason or another, or purely 
by accident, certainly not from choice, the woodlot of today occupies the 
position it does, oftentimes on the best land of the farm. 

Present Conditions.—To get an idea of the present condition of these 
woodlots one need only travel a few miles in the country. In the distance 
he can see trees in a seemingly unbroken line. Closer examination, how- 
ever, shows them to be in small, scattered patches ten to thirty acres in 
extent. After the best trees had been cut out and sold, the custom of cut- 


ting trees for special uses, such as handle stock and spoke material, led 
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to the removal of the next best. All the most valuable species, black wal- 
nut, yellow poplar, white ash and the best oaks, have been cut away, leav- 
ing only a few maples, beech, ironwood, buckeye and the like. Many of 
these are crooked, defective and otherwise undesirable. At no time has 
any care been exercised to protect the undergrowth of young seedlings. 
The floor also presents a very different appearance from what it once did. 
A dense bluegrass sod has taken the place of the undergrowth and rich 
forest litter destroyed by constant pasturage. A heavy growth of grass is 
in itself an enemy of trees, for it not only makes reproduction harder but 
also smothers the roots of those already growing and robs the soil of mois- 
ture so essential to good tree development. 

Some may ask what it matters if the conditions are thus. Are not 
the farmers in better circumstances now than they were forty years ago, 
yes, even ten years ago? Financially they are, but with wise and proper 
management of their woodlots they could realize stili larger profits from 
their farms. 


THE WOODLOT. 


USES. 


There are many reasons why woodlots are valuable. They furnish 
timber for all farm needs, protect buildings and crops, shelter live stock 
and materially help in preventing erosion and in ornamenting the country. 

Firewood.—Firewood comes first in the list of timber used for farm 
purposes. The early methods of using wood in a fireplace were wasteful. 
The introduction of stoves resulted in a great saving of fuel. But fuel 
production was not the only purpose served by the forest. Now lack of 
timber and the cost of getting crooked and knotty trees cut into firewood 
have compelled the use of a substitute. Most farmers would be glad to 
have again a plentiful supply of cheap fuel. 

Posts—tThe setting of 1,000,000,000 (estimated) fence posts per year 
shows us another very important use for timber. According to the last 
census 8,715,661 of these posts were produced from the regular logging 
camps of the country. The use of these posts as supports for woven wire 
fence is very economical when compared to the former practice of building 
rail fences, many of which were of black walnut, the most valuable timber 
Indiana ever produced. Their gradual displacement by wire or picket 
fences is a great step towards forest preservation. 
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General Farm Uses.—Then there are other innumerable general uses 
about the farm for poles, boards and lumber. After all these needs are 
satisfied there should remain some timber (logs and railroad ties) for 
market. 

Climatic Influences.—The influence of woodlots on the climate makes 
their presence desirable. A great deal has been written about forests as 
a factor in rainfall, but it has never been satisfactorily proved that they 
increase the total amount. It is known, however, that about twenty-eight 
per cent. less of the annual rainfall is evaporated within the woods than 
outside of them, and that the mean annual temperature of forest soil is 
about twenty-one degrees lower than that of cultivated fields. In summer 
this cool soil tempers the air above, and by starting currents from the ad- 
joining fields lowers their temperature. Besides, woodlots, if situated 
in favorable positions, check strong winds, in this way protecting farm 
buildings and preventing fruit trees and crops from being blown down. 

Shelter.—A woodlot is invaluable for the shelter it affords to live 
stock in both summer and winter. Less food is required to maintain the 
body warmth of animals when they are well protected from the cold win- 
ter winds. Therefore the use of grain in fattening stock is much econo- 
mized. The cool shade offered by a small portion fenced off from the best 
part of the woodlot prevents fattening animals from losing flesh during 
the hot weather. 

Aesthetic.—But these uses are not all. Every one knows that a good 
strip of timber greatly increases the value of a farm, for by this means 
not only the beauty of individual farms but also that of the entire com- 
munity is increased as much, if not more, than by more expensive improve- 
ments. For no other reason than this each farmer should strive to main- 
tain a well managed woodlot. 

Water Supply.—fForests at the head waters of streams regulate their 
flow. As has been said before, the amount of evaporation within the forest 
is much less than that outside because the loose litter offers little capil- 
larity to the water content of the soil and also permits of a more rapid 
absorption of heavy rainfall. The water is then given out to the springs 
and streams in an almost constant supply. 

Brosion.—The problem of erosion is a very perplexing one, especially 
in a rolling country. The unlimited removal of forests has left but little 
resistance to the flowing away of rainfall, for everywhere the soil is more 
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or less hard and compact. Water speedily runs over the surface, carrying 
soil and debris, which it deposits in the beds of streams. Places which 
wash badly are exceedingly common and cause the loss of much tillable 
land. 


THE MODEL WOODLOT. 


After a review of the reasons for maintaining woodlots it is well to 
consider the organization of a model woodlot. 


Number of Trees.—It should contain the number of trees consistent 


with the most rapid development of the best timber. Trees should stand 
close enough in youth to stimulate growth in height and to produce long, 
clear trunks. As the stand approaches maturity more and more space is 
required for each tree until at last probably only one hundred and fifty to 
two hundred trees of the original three or four thousand remain per acre. 
Thinning is brought about naturally by the struggle for supremacy. 

Distribution and Soil Cover.—lrees should be evenly distributed over 
the entire area, always close enough together to prevent many direct rays 
of the sun from reaching the ground in summer, since the large openings 
give grass, a very dangerous enemy of forests, a chance to grow. The ideal 
soil is loose, porous, rich in vegetable mould and is covered with a thick 
mat of leaves and leaf humus to the exclusion of all grass and light-de- 
manding weeds. 

Forest Cover.—The trees which should be found in a woodlot depend 
upon two factors—(1) the economic value and (2) silvical characteristics. 
Such trees as black walnut, black cherry, ash, oak, maple and poplar have 
the greatest economic values. The other factor has to do principally with 
the soil, moisture and light requirements. For example, sugar maple re- 
quires rich upland soil and very little sunlight for its best development, 
while sycamore will grow on any wet soil if it has plenty of light. Thus 
we shall find in a model woodlot the species best suited to the soil, water 
supply and the uses to which the timber is to be subjected. In no case 
should there be any worthless species. 

Reproduction.—In order to maintain the desired acreage of our timber 
producing area some efficient method of reproduction is necessary. This 
is usually found in the presence of large and mature seed-bearing trees, 
which scatter their fruits over long distances until they find lodgment in 
places suitable for germination. Another method of reproduction is by 
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stump sprouts or coppice growth. However, the size and quality of the 
timber produced in this way is much inferior to that formed from seed- 
lings. For quick reproduction, advantage of this sprouting tendency should 
be taken in trees like the oak, basswood, catalpa and hickory. 


HOW TO REACH THE MODEL. 


The next point to demand our attention is how to bring the existing 
woodlots into model conditions. The examination of this problem may 
be conveniently considered under three heads: (1) Protection, (2) Gen- 
eral Improvement Cuttings, and (8) Improvement of Type Stands. 


PROTECTION. 


The necessity for protection arises from the loss occasioned by graz- 
ing, fire, insects, fungi, wind and careless work in the woods. 

Grazing.— Grazing injures a forest in two ways—by browsing and by 
trampling. Domestic animals browse sprouts and young seedlings, break 
off shoots and buds and gnaw the bark of trees. By the destruction of 
herbage the sharp hoofs of sheep cause loose soil to become looser and 
stiff soil to become more compact. Cattle and horses are much less harm- 
ful than sheep about trampling, although their hoofs frequently tear away 
small rootlets. This disturbance of the soil and soil cover seriously inter- 
feres with its water supply. In general the results of grazing make it 
imperative to exclude all stock from the woodlot. 

Fire.—F¥ire is another great enemy of forests. The leaf litter and 
humus, young growth upon which the future supply depends, and mature 
trees are all affected. <A single fire does not usually seriously injure older 
trees but a series of fires either burns them up completely or leaves them 
in such a weakened condition that they are blown down by wind or at- 
tacked by insects and fungi, and then furnish a source of infection for 
other trees. But in this thickly settled region fires are easily handled, 
for they can readily be seen and extinguished. 

Insects.—The following conclusions regarding insect injury have been 
drawn from a careful investigation of the existing conditions throughout 
the state :* 

(1) Insects causing the death of the tree: 
(a) Found in extensive numbers and causing serious injury, as fol- 
lows: Bark beetles on oaks, hickories and locust. 


*Report of State Board of Foresty, 1907. 
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(b) Found in limited numbers and causing secondary injury as fol- 
lows: Bark beetles on walnut, cherry, hackberry, elm, mul- 
berry and ash; bark-boring grubs on oak and chestnut. 

(2) Insects not causing the immediate death of the tree: 

(a) Found doing serious damage to timber as follows: Carpenter 
worm on oak; wood borers on hickory; powder post borers 
on hickory. 

(b) Injury to foliage: Nearly all species of trees found affected 
by one or more of the following forms, of which all except 
the cottony maple scale cause little damage: Leaf eaters, 
leaf miners, leaf rollers, saw flies, scale insects and gall flies. 

The bark and wood borers can usually be detected by pits or deposits 
of fine sawdust around the holes. About the only remedy is to remove 
the infected trees at such times as will prevent the hatching of the larvae. 
Damage due to leaf insects is usually so slight that it may practically be 
disregarded. 

Fungi-—Fungi attack trees in several ways. Some kill the roots, 
others grow upward from the ground into the trees and change the sound 
wood of the trunks to a useless, rotten mass or leave only a hollow shell. 
The spores of others come in contact with every part of the tree as they 
float about through the air. These spores find a very suitable place for 
germination if they fall on wounds. By removing infected trees and de- 
stroying old logs fungous diseases may be fairly well controlled. 

Wind.—Wind-blown timber frequently exists in open or unprotected 
stands and in moist places where root systems are shallow. Trees weak- 
ened by fire, fungous and insect attacks are easily broken off. Of course 
the mature trees may be partially or wholly utilized. The greatest dam- 
age is done to those for which there is no immediate use. 

Woodlots which have been unprotected from the time they were com- 
paratively small usually have their own windbreaks made by the develop- 
ment of numerous side branches. <A strip a few rods wide along exposed 
margins of woods should always be kept as dense as possible. The de- 
velopment of brush and undergrowth should be encouraged. Unless there 
are others to take their places no trees should be cut in this protective area 

Should it be necessary to plant a windbreak it is best to employ two 
species, one a rapid grower to provide early protection, the other of slower 


growth to make a permanent and more efficient shield. Carolina poplar, 
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black walnut and catalpa are types of the first class, and any of the ever- 
greens types of the second class. The spacing should be about four feet 
in rows six feet apart. At least half of the trees should be removed when 
they begin to crowd badly. When a good protection has been well estab- 
- lished trees may be remoyed anywhere within the grove with practically 
no danger of windfall. 

Work in Woods.—Another important thing to keep in mind is care 
while working in the woods. The object of management is to have new 
trees of the most desirable species to replace as soon as possible those 
which are removed. Therefore it is necessary to protect young growth. 
Care should be taken in felling trees not to injure others nor crush young 
seedlings. Brush should be piled in places where danger to timber from 


fire is reduced to a minimum. 


IMPROVEMENT. 


The second part of our examination, general improvement cuttings, 
deals with defective and infected trees, tree weeds and a general plan 
for harvesting. 

Defective and Infected Trees —Many woodlots contain stag-headed or 
entirely dead trees which are rapidly decreasing in value. They spoil the 
beauty of a grove as well as furnish a convenient place for beetles and 
fungi to live and propagate. They should be removed immediately. 

Tree Weeds.—Tree weeds are another waste of our resources. A 
tree weed occupies space in a timber stand but has comparatively little 
value. Ironwood, water beech, dogwood, scrub oak, pawpaw and sassa- 
fras are examples. It is advisable to remove these as well as the dead, 
dying and infected trees at once unless by so doing large spaces are opened 
up in the forest cover which will not close before grass has a chance to 
start. 

Mature Cutting.—One more general rule of improvement is in regard 
to cutting. Usually only such trees as have passed their maturity or the 
point where the amount of wood formed each year begins to decrease should 
be cut. And no more wood should be removed than is actually grown. Thus, 
if a woodlot is producing five cords of wood annually, it is better to cut 
five or only four cords than six. If a method like this is used and care 
taken to keep the ground fully stocked with thrifty young trees the wood- 
lot may be kept up indefinitely. 
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Coppice.—In cutting the following suggestions should be kept in mind: 
Stumps should be cut low in order that the sprouts may become inde- 
pendent of the old root system as soon as possible; they should be cut 
smooth and slanting or have the sharp edges removed so as to prevent 
water from collecting on them, for in such cases they are apt to rot and 
infect the sprouts; care should be taken not to tear the bark from the 
stump since this often prevents buds from developing at the root collar; 
the sprout should be cut when the sap is down, early spring or late fall, 
for when cut in midsummer frosts are apt to kill the new sprouts which 
start up, before their growth is completed and their wood hardened. 


MATURE OPEN STANDS. 


Character.—Most woodlots are remnants of the original hardwood 
forest. The valuable straight grained and easy splitting trees have been 
eut for lumber or firewood. Those which remain have received no at- 
tention. They are mature, crooked, knotty or badly diseased and grow 
in clumps or are scattered over the lot. Few are of any value. Almost 
all these timbered tracts have been used for pasture, and as a result of 
constant grazing the ground is covered with a thick, heavy bluegrass 
sod to the exclusion of desirable young growth. If any reproduction does 
oceur it is very irregular and is composed mostly of weed species. 

Treatment—The treatment of such stands depends upon the degree 
to which it has deteriorated, its location and the owner’s need for timber. 
If it is on land better suited for agriculture and the farmer is more in 
need of fields than timber, probably the best thing to do would be to re- 
move the timber completely and cultivate. 

But if the lot is to be rejuvenated, the first step to take is to exclude 
all live stock. Should it be necessary to keep some of the woodland for 
pasture the thriftiest portions should be fenced off and most of the trees 
removed from the remainder. More timber and more grass can be pro- 
duced separately than together. The next step is to remove tree weeds 
and other trees whose value is decreasing. The remainder will furnish 
seed. In order that the seeds may have the best possible conditions for ger- 
mination the sod should be broken up by means of a bull-tongue plow or 
disc harrow. A rank growth of briars and weeds will probably spring up 
as soon as the sod is removed, but these make a very good protection under 
which the young seedlings are to develop. Soon the new growth kills out 
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the weeds and briars and rapidly establishes a good stand. Should other 
species than those present be desired it is necessary to plant them. As 
soon as reproduction is well under way the mature trees may be cut. 
Still it is a wise plan to leave some of them for seed and to furnish timber 


while the new crop is growing. 


IRREGULAR, UNEVEN-AGED STANDS. 


Character.—It is from the irregular, uneven-aged stands that we ex- 
pect the earliest good results. These are parts of the original forest re- 
tained in almost virgin condition. Some are dense, others more or less 
open. In them the soil is almost ideal, but not se with the forest. Fun- 
gous and insect hosts, old logs in various stages of decay, are scattered 
over the ground. Many of the trees are mature but in very poor condi- 
tion. Some, however, are large and have long, smooth trunks and com- 
pact crowns. Increase in height has practically ceased and diameter 
growth is very slow. A young growth of various species, many of which 
are undesirable, fills up small openings made by fallen trees. On the 
whole the forest capital is slowly but surely decreasing, for the amount 
of timber produced annually is more than offset by death and deteriora- 
tion of the overmature trees. 

Improvement.—The first requirement for the improvement of this type 
is the same as for mature open stands; that is, the removal of tree weeds 
and the species undesirable for other reasons. The next process, thinning, 
is brought about naturally by shading. Trees which are crowded while 
young try to get their crowns into sunlight, and consequently produce long, 
slender stems. If, after a sufficient height has been reached, space is 
given for increased root and foliage development, an increase in wood pro- 
duction occurs. This increase takes place in diameter growth, since there 
is no longer any incentive for height growth. The purpose of artificial 
thinning is, then, to accelerate diameter growth as much as possible, to 
substitute for nature’s wasteful struggle a systematic removal of weaker 
and inferior trees, leaving as many of the good ones as can develop with- 
out retardation for a given period. 

Thinning.—This process requires considerable judgment and experi- 
ence, for special attention is given to the trees which are to remain rather 
than to those which are to be cut. Of course the most valuable and rapid 
growing species take precedence over others. The following list will serve 
as a guide, although it is by no means invariable: 
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Species specially favored: oak, hickory, ash, black walnut. 

Species of less value: yellow poplar, butternut, basswood, maple, elm, 

beech. 

Species usually removed: ironwood, cottonwood, sassafras, water 

beech, ete. 

The character of the tree is more important than the species. Tall, 
straight trees with well developed, thrifty top are left in preference to 
those which are spindling, weak-topped, crooked or unsound. In a group 
of equally good trees it is often best to remove one or more, for by so 
doing the remaining trees will produce more wood than all of them had 
they been left undisturbed. Trees with their crowns entirely exposed to 
sunlight are seldom removed unless a number of thrifty ones will be as- 
sisted. Those completely overtopped by others have ceased to be a factor 
in the growth of the stand and may be cut whenever their wood will pay 
for their removal. Another class of trees are those which receive sun- 
light from above but which have their sides shaded. It is in this class, 
where the struggle for existence is most severe and where the greatest 
economy of energy can be brought about, that most thinning is done. It 
is better to make light thinnings, never more than a fifth of the stand at 
a time, than to remove too many at once, for this opens up large patches 
of ground which dry out on exposure to sun and wind and furnish an ex- 
cellent opportunity for the growth of grass and undesirable brush. It is 
not safe to say that this species must be removed to make room for that 
or that three sprouts must be cut from a group of six. All the improve- 
ment thinnings must be made upon the judgment of the operator. 

In the woods which contain large open spaces here and there trees 
should be planted as in mature open stands. In any case growth of young 
trees and shrubs should not be hindered but rather encouraged on a strip 


at least two rods wide. A windbreak should be planted if necessary. 


YOUNG STANDS. 


Character.—The third type of woodlots is the young stand. The 
ground, seeded by the trees left after all merchantable timber was cut, 
has become covered with second growth trees four to twelve inches in 
diameter and twenty to fifty feet in height. Many of them are straight 
and thrifty, but many more are gradually being suppressed and are dying. 
Trees in little groups here and there which started from seed the same 
year are so evenly matched in size that growth is temporarily arrested. 
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Care.—The seed trees which determined the composition of the young 
stand are becoming useless through decay and other defects. Often there 
are grape vines, old fire-scarred snags and other material with which the 
lot could well dispense. These should be removed. At the same time a 
thinning could profitably be made if the stand is too thick. The aims and 
results of thinning have already been discussed. 


PLANTING. 


Under this subject the main points of planting and growing woodlots 
are mentioned for the benefit of those who wish to have more timber than 
can grow on the land already forested. 

Location.—In general not less than one-eighth of a farm’s total area 
should be in woodland. Some have more than this amount, but many 
others have practically not a single acre in woods. As has been said be- 
fore, the woodlots existing at present have little, if any, relation to farm 
buildings. A little corner cut off by a stream or railroad, or land other- 
wise unfit for agriculture because of steepness, rocks, etc., furnish a place 
to plant a woodlot. It would be well if these so-called waste portions 
were so situated that timber growing on them could form a windbreak. 
This idea of protection should always come into consideration when pre- 
paring to plant. 

Species.—Whatever the opinions of individual nurserymen may be 
regarding the species to plant, there will never be found trees better suited 
to any region than those which are natural to its soil. For central In- 
diana we recognize white oak, red oak and burr oak, ash, walnut, hickory, 
sugar maple, black cherry and elm as types for lumber; and osage orange, 
black locust, coffee tree, catalpa, etc., as types best suited for the produc- 
tion of posts, poles and ties. Careful examination of the soil should also 
be made, and only such species which will develop best under the existing 
conditions should be planted. These two points were brought out fully 
under the topic “Forest Cover” in “The Model Woodlot.” 

Preparation of the Ground.—The ground should be plowed, harrowed 
and worked into as good condition as for any agricultural crop in order 
to secure the best results. However, it is not necessary to prepare it so 
carefully. Planting has frequently been done with good results on burned 
over woodland according to the third method described below under 
“Planting.” But trees growing on well prepared ground have as much 
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advantage over those on unprepared as has corn under the same con- 
ditions. 

Where to Procure Seedlings.—The farmer may grow his own trees 
from seed, procure wild seedlings or purchase from a nursery. Wherever 
possible wild seedlings are much cheaper. They are weaker than nursery 
grown stock, and should be transplanted to a nursery for one or two years 
before being planted in the field. 

Care of Trees Before Field Planting—vTrees should be planted with 
as little exposure of their roots as possible, for the root hairs, upon which 
the tree depends for taking in its food supply, will dry out and shrivel 
up when exposed to dry atmosphere for even a few minutes. Some of 
the broad-leaved species can withstand this drying out if they receive 
proper treatment afterwards. The best way to prevent this is by ‘“pud- 
dling.” <A ‘puddle’ is a mixture of earth and water about as thick as 
cream. It may be mixed in buckets, tubs or barrels and drawn along 
where trees are being dug up so they can be plunged into it immediately, 
or, if the seedlings have been received from a nursery, as soon as they are 
unpacked. If planting is to take place at once the trees may be carried 
to the field in the “puddle.” But if some time is to elapse before plant- 
ing they should be “heeled in” as they are “‘puddled.” For ‘theeling in’: 

Dig a trench deep enough to bury the roots and part of the stem. 
The trench should run east and west, with its south bank at a slope of 
about thirty degrees to the surface of the ground. A layer of trees should 
be placed in the trench on its sloping side, the tops toward the south. The 
roots and stems should be covered with fresh earth dug from a second 
trench, in which a layer of trees is put aud covered in the same way. The 
digging of parallel trenches is repeated and layers of trees put in until 
all have been “heeled in.” 

Time for Planting.—The best time for planting is just before growth 
begins in the spring. At such a time the seedlings are apt to receive the 
least injury. In general the frost should be out of the ground. Frost is 
one of the chief dangers of fall transplanting, for the young trees are 
often heaved out of the ground as it freezes. It is also best to choose a 
wet or cloudy day for transplanting. 

Methods.—After everything has been made ready for planting the 
ground should be marked out in rows four, six or eight feet apart, depend- 


ing on the species, character of the soil and length of time cultivation is 
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to continue. The methods of planting are very simple. The best perhaps 
requires two men. One carries a bucket of ‘‘puddled’”’ seedlings. The 
other carries a spade which he sets full length in the ground. He then 
pushes the handle forward, sticks a seediing, which the first man hands 
him, in behind the blade, withdraws the spade and then steps firmly with 
both feet on the ground around the tree. Another rapid method which 
often succeeds is to plow a furrow, lay the trees against the side of it, 
cover with a hoe and tramp firmly. The remainder of the furrow may be 
filled by means of a cultivator. A third way is to dig a hole with a grub 
hoe or mattock. This method is used only on unprepared ground. The 
size of the hole depends upon the size and character of the root system. 
Fine dirt is then thrown in next to the roots and the hole filled up, the 
earth being firmly tramped as before. <All trees should be planted deep 
enough so that when the ground settles they are covered to the same depth 
they were before being transplanted. 

Cultivation.—One of the great troubles with the plantings already 
made in central Indiana is that they have not received sufficient care. 
They have been plowed or hoed a few times and then left to take care of 
themselves. The methods and aims of cultivation in the state reservation 
are given in the following: 

“The cultivation given the young trees growing in the regularly 
planted fields was of two forms, plowing in the same manner that corn 
is cultivated and by hoeing. In some fields the trees were plowed and 
hoed, while in others they were simply hoed without plowing. They were 
given two complete cultivations. One plan seems to be as successful as 
the other. ‘The aim sought by the cultivation was to keep down weeds and 
other wild forms of growth that might overcome the young trees. In the 
fields where the soil around the young trees was kept loose and free from 
weeds for a short distance from the trees (eight to twelve inches) by 
hoeing, and the other forms of growth permitted to stand around them, 
the young trees seemed to do the best. The only reasonable opinion that 
‘an be given for this fact is that the other growth formed a mulch over 
the soil and prevented evaporation and also a forest condition of shade 
and protection which resulted in good to the trees, and by keeping a clear 
opening around them prevented them from any smothering out, as will 
occur where the weeds and other growths are permitted to grow up close 


around them. The young trees in such fields are larger and have better 
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boles formed than those growing in the fields where more complete culti- 
vation was performed. Those growing in the more open fields and where 
the most complete cultivation as to keeping the soil cleaned of all forms 
of outside growth seemed to grow more bushy and to cease growing earlier 
in the summer than the others. The only reasonable opinion to be given 
for this fact is that they were more exposed to the heat of the sun, nothing 
formed a covering to the soil to prevent evaporation and the trees were 
deprived of any sort of shade protection. No forest influence was thrown 
around them. 

It must not be inferred from the discussion of the cultivation here 
given that no cultivation is needed. The young trees must be given culti- 
vation necessary to protect them from weeds and other wild forms of 
growth immediately around them. . . . . The trees at the reservation 
are given the cultivation that can be performed with the means supplied, 
and no more. If more means were provided they would be cultivated 
more and better results might accrue.” 

It can be seen that the Board of Forestry recognizes the fact that 
they are not caring for the young trees in the best possible manner. A 
crop of weeds is not the best way to prevent evaporation from the soil. 
The maintenance of a dust mulch by cultivation will do this and will not 
use food material stored in the soil. A dise harrow or a five-toothed cul- 
tivator run through between the rows after each rain during the summer 
will keep up the dust mulch and keep down the weeds. In other words, 
a forest crop should be cared for just as a corn crop, except that the 
period of cultivation is longer, sometimes three or four years. 

Thinning.—The maximum number of trees per acre at maturity is 
about two hundred. It has already been shown why thinning is bene- 
ficial, so only this remains to be said: a few years after the plantation 
has become well established the process of thinning should begin. The 
weakest and poorest trees and those crowding better ones should be re- 
moved here and there to make room for their more vigorous neighbors. 
Gradually this process should continue, the material being utilized, until 
at maturity the woodlot has the requisite number of good trees and also 


has provided for a permanent supply. 


[28 —23003 ] 


434 


DOES A WOODLOT PAY? 


The question naturally arises, Is a woodlot a paying proposition? 
If it is not, why are the most progressive farmers taking such an interest 
in forest planting and forest management? Timber is a necessity. In 
earlier times it was not so valuable, so the land was cleared. The rem- 
nants of the old forest may easily be improved at odd times. The cost 
is much reduced if the farmer does his own work. So it is with planted 
woodlots, especially if wild seedlings are used. Besides, the price of tim- 
ber is advancing as the supply is diminishing. This alone encourages 
planting. 

The following extract from a letter shows that with a little care a 
woodlot can be made to pay: 

“T have logs enough cut now to make from forty to fifty thousand 
feet of lumber. These logs I cut from a ten-acre grove that was only a 
brush patch thirteen years ago. In addition to the logs the grove has 
supplied plenty of wood for from two to four stoves, and some for sale, 
besides posts and poles, all of which came from the thinnings. There are 


” 


still enough trees on the land to make a good grove. The present gen- 


eration may not reap the profits but the next one will. 


SUMMARY. 


The following conclusions have been drawn from this study: 

1. The present woodlots, only the remnants of the early forests, are 
in very bad condition. 

2. Well-ordered woodlots are valuable financially, climatically and 
nesthetically. 

8. Old woodlots may be improved and new ones planted successfully. 

4. Woodlots must be protected and well cared for in order to secure 
the best results. 

5. A woodlot is a paying investment. 
The one thing lacking is universal interest. 
Wabash College, 

Crawfordsville, Ind. 
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This is not forestry, but neglect. 


dition. The owner will not allow a single tree to be cut. 
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decaying logs and accumulating underbrush indicate waste. 
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No. 2. A mature open stand. The ground is covered with a thick growth of grass, a great enemy of reproduction. 
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All the grass has been tramped down and killed under the large black 


This would make a good grove if the cattle were excluded and the growth of seedlings encouraged. 


A young stand of hickory about fifteen years old. 
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oak on the right. 


439 


ies 


¥ 
Wi 


13 


No. 4. The usual evidence of neglect of the woodlot. Pasturing has destroyed the 
young growth. The mature trees not needed for seeding should be cut. The 
fallen timber should be taken out and saved. Unless the stand is thick- 
ened, the young growth will be low branched and worthless. 
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Recent Work 1n Woop Puysics. 
3y WILLIAM KENDRICK HATT. 


(Abstract. )* 


The new series timber tests of the Forest Service, which constitutes 
the most important recent series of experiments, was begun in 1902 under 
the direction of Mr. Gifford Pinchot, Forester, Forest Service, United 
States Department of Agriculture. About 44,000 test pieces have been 
tested. 

These timber tests are divided into two parts: Class (a). Tests on 
market products of actual size, in which characteristic defects occur, such 
as stringers, vehicle parts, railroad ties, of interest and value to engineers 
and manufacturers. These correspond to tests on riveted joints or built- 
up structures in metal testing. Class (b) includes so-called “scientific” 
tests of smal!, perfect specimens with uniform moisture content, represent- 
ing material collected from the forest, in which the strength is related to 
the physical structure and position in the tree. These tests are of espe- 
cial value to the botanists and foresters and aid the solution of silvicultural 


problems. 
A summary of results obtained to date will be presented. 


INFLUENCE OF CONDITIONS OF TESTS UPON RESULTS. 


(In these studies small, perfect specimens are used). 

1. Speed of Test—The strength of wood varies significantly with 
the speed at which stress is applied. increasing more rapidly as the 
speed increases. Tests are standardized for speed*® on the basis of fiber 
strain per unit of time; and experimental factors obtained to adjust 
strength values from one speed to another. The adopted standards of 
fiber strain are as follows, expressed in inches per inch per minute: 


AMS SCAMS tear oie Urea rarecenee ers a Secs) cise sishd quguel el aiens 0007 
Small beamse ce Sean eee Se Sree Beale Sieh as 0015 
Compression parallel to grain, small pieces ......  .003 

Compression parallel to grain, large pieces ...... 0015 


1 Abstracted from paper by the author, read before the Copenhagen Congress of 
the International Society for Testing Materials. 

*See Proceedings American Society for Testing Materials, Vol. 8, 1908, page 
541. “The Effect of the Speed of Testing upon the Strength of Wood and the 
Standardization of Tests for Speed,” by H. D. Tiemann. 
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Strength of wet or green wood is much more sensitive to changes of 
speed than is dry wood. At the speed adopted for official tests a change 
in speed of 50% may ordinarily be allowed without causing a variation in 
strength of over 2%. 

2. Temperature.—Since wood is a more or less plastic substance it is 
sensitive to changes of temperature. Tiemann’s? experiments show that 
soaking certain species in water at normal temperature does not affect 
their strength. It appears, however, that warm water has a marked weak- 
ening effect. The extreme condition is when wood is made pliable by boil- 
ing. Some woods are no doubt more sensitive than others to the effect of 
temperature of the water in which they are immersed. In recent tests 
made in winter weather on red oak (Quercus Rubra) ties at Purdue Uui- 
versity, ties taken from the temperature of the storehouse (about 25° F.) 
were from 9 to 17 per cent stronger than those tested at the temperature 
of the laboratory (about 70° F.). Probably this marked difference in 
strength is to be found only in case of green or wet wood. The rupture 
work is not affected to the degree of the ultimate strength. Tlickory seems 
specially sensitive to change of temperature. It is concluded that the 
ordinary temperature variations of the air of a laboratory are not im- 
portant, but that the temperature of the storehouse may render it neces- 
sary to warm the wood. In fact, the effect of a given factor on the 
strength of timber, or difference of strength of two species, may at times 
be entirely masked by variations of temperature of timber at the time 
of test. 

3. Moisture.—The effect of moisture on the strength of wood has 
been thoroughly investigated by Tiemann. His material was small test 
pieces uniform in moisture content throughout the cross-section; and he 
determined the distinct ‘fiber saturation’ point, above which increased 
moisture content did not affect the strength of timber and below which 
there was an increase of strength. Previous experiments, yielding a con- 
tinuous moisture strength law, were apparently made with “case-hardened 


material.” 


* Bulletin 70. Forest Service, 1906. ‘Effect of Moisture on the Strength and 
Stiffness of Wood,” by H. D. ‘Tiemann. 

* Bulletin 70. Forest Service, 1906. “Effect of Moisture on the Strength and 
Stiffness fo Wood,” by H. D. Tiemann. 

Circular 108, Forest Service, 1907. “The Strength of Wood as Influenced by 
Moisture,”’ by H. D. Tiemann. 
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RELATION OF TESTS. 


The relation betwéen the strength under various kinds of tests, such 
as shear, bending, etc., and compression parallel to the grain, have not 
been determined yet by an analysis of the data. It is doubtful if any 
one test can be used to predict the strength of the material under other 
forms of tests when conditions vary with respect to previous heat treat- 
ment, moisture, drying or preservative treatment. For instance, brittle- 
ness induced by overheating is evident in impact tests, but this will not 
necessarily be evident from the compression test parallel to the grain. 

An investigation of the effect of speed of test is a part of the general 
study of behavior of wood under three conditions of loading: 

(a) Dead or constant load. 

(b) Ordinary static test with increasing load. 

(c) Impact test. 

(a) Dead load tests exhibit the plasticity of wood. Nearly all defor- 
mations increase with duration of load, but the deformed beams subse- 
quently tested show no loss of ultimate strength. Deflection brought about 
by humid atmosphere is not recovered by subsequent drying. The ques- 
tion is often asked: “What per cent of the load, as determined by the 
ordinary static test, will break a beam if left on indefinitely?’ This has 
no answer. 

(c) Under impact loading, wood will submit to greater elastic defor- 
mation than under the ordinary static tests. Impact bending tests show 
elastic deformation largely in excess of those experienced under static 
load. The impact test is made under increasing height of drop.’ The order 
of resistance of air dry woods at the ultimate failure strength, so far 
obtained is as follows: 

Hickory, Longleaf Pine, Douglas Fir, Loblolly Pine, Chestnut, Spruce, 
Yellow Poplar, Western Yellow Pine, Western Hemlock, Sugar Pine, and 
Coast Redwood. 

(d) Abrasion Test. The abrasion test is under study." Wood is 
worn by sand-paper in the Dorrey Machine. 


5 Circular 38, Revised, Forest Service. ‘Instructions to Engineers in Timber 
Tests,” by W. K. Hatt. 

6 See American S. for '[T. M., Vol. 7, 1907. ‘P. U. Impact Testing Mach.,” by 
W. K. Hatt. 
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INFLUENCE OF TREATMENT PREVIOUS TO TEST. 


(a) Drying in Hot Air, Steam, Saturated Steam, etc. A research is 
under way to investigate the safe limits and the most advantageous con- 
ditions for the commercial processes of drying wood. The immediate 
strength after drying is of course usually greater because of the les- 
sened moisture content. It is now apparent, however, that all processes 
of drying wood, even air-drying, are attended with weakening of struc- 
ture, so that when the dried wood is resoaked there is a loss in strength 
of 10%, and generally more. The drying of white ash (Fraxinus amer- 
icana,), for instance, at 145° F. in either dry air or exhausted steam, or 
in superheated steam at 312°, caused no significant loss in strength in the 
air dry condition, but the resoaked wood was considerably weaker than 
the green wood. Under 20 to 30 pounds of steam applied during 1 to 4 
hours, pine and ash suffer but little loss in static strength after the moist- 
ure from the steam is removed by air drying. At higher steam pressures 
(above 50 Ibs.) large and permanent losses result. An equal amount of 
dry heat is less injurious to wood than moist air or saturated vapor, when- 
ever the temperature exceeds 212° F. The hygroscopicity of the wood in 
the air-dry condition is reduced by the process of drying in steam, dry- 
air or saturated steam. Microscopie study shows that the cell walls split 
open because of the shrinkage of these walls when they begin to dry out. 

The results from the Drying-Strength Study are not sufficiently ad- 
vanced to allow complete conclusions. 

(b) Treatment with Preservatives. Tests at the Louisiana Purchase 
Exposition’ established the safe limit of steaming for seasoned loblolly 
pine to be 30 Ibs. applied for 4 hours, or 20 Ibs. applied for 6 hours. Bur- 
nettized loblolly pine ties exhibited some degree of brittleness under im- 
pact test. Creosote appeared to act upon the strength in the same way as 
water. It retards the seasoning of timber, with beneficial results to its 
physical condition. Present evidence points to steaming, or effect of heat 
in preliminary seasoning, as the only dangerous element of the treating 
process. The proper limits of heat should be determined for different 
species of timber. 

In the case of bridge timbers, of coniferous species, of large size, in- 
complete evidence indicates that the desired penetration of creosote can 


7 Circular 39, Forest Service. Experiments on the Strength of Treated Tim- 
ber,” by W. K. Hatt. 
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only be obtained by cylinder processes that reduce the strength of the 
timber. The unit stresses used in the design of creosote structures should, 
therefore, in these cases, be decreased below standards established for 


natural wood. 
UNIT STRESSES FOR DESIGN. 


The relation of strength of large sticks, involving defects, to small 
and perfect pieces, taken from the parent beam, is reported in Circular 
115, Forest Service. The strength of large and small sizes is not a ques- 
tion of geometrical magnitude, but of the existence of defects in the large 
sticks such as knots, shakes, checks and the presence of inferior growth. 

Study has been given to the failure of large beams under longitudinai 
shear. It is apparent that, in the case of large beams of seasoned timber, 
the failure is due to longitudinal shear rather than to bending. In green 
beams, also, this form of failure is frequent. Therefore, shearing stresses 
should be taken account of in the design. The result of later tests confirm 
the early results that the strength of large pieces is not increased by sub- 
sequent seasoning, except in case of select grades. In other words, unit 
stresses for design should usually be based upon strength of green timbet. 


NEW SPECIES AND SUBSTITUTES. 


The eucalypts of California and the South have been tested. They 
are among the strongest of our woods. The quality of the various species 
differs greatly, varying in kiln dry state from 25,000 pounds per sq. in. 
to 13,000 pounds per sq. in. in modulus of rupture. Tests have been com- 
pleted on tan-bark oak, which formerly was left stripped of its bark in 
the woods. 


GENERAL STUDIES OF SPECIES. 


Tests of red gum are compileted.s Tests of various species of hickory 
collected from various site conditions have been made and the report com- 
pleted. These latter tests established relations between rate of growth 
and strength, locality and strength, and species and strength. It appears 
that the most fundamental factor governing the strength of wood of any 


species is the specific gravity, or, in the conifers per cent of summer wood. 


8 Bulletin No. 58, Forest Service. “The Red Gum,” by Alfred K. Chittenden. 
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Technical Problems.—tThe study of track fastenings, including common 
and screw spikes, and tie plates, and the relation of these to the strength 
of ties is in progress. Laboratory tests are supplemented by service tests 
in tracks of railroads under operation. 


TECHNIQUE OF THSTS AND THE ORGANIZATION OF THE LARORATORY WORK. 


The methods and recerds and organization are now well developed. 
The results of experience for the past six years are contained in Circular 
38, (Revised), entitled “Instruction to Engineers in Timber Tests.” Re- 
cently a department of microscopic examination of wood has been added to 
study manner of failures in the tissues, changes in structure resulting from 
heat treatment, location of preservative fluids and allied problems. 

Purdue University. 

Lafayette, Ind. 
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Forrest Conpitions IN INDIANA. 


By STANLEY COULTER. 


Certain economic statements may serve as a suggestive introduction 
to this study of Forest conditions in Indiana. Some of these will be more 
fully elaborated later in the paper, others need, no comment since their 
mere statement is sufficient to call attention to existing conditions. 

A reference to the Census report of 1SS80 will show that at that time 
Indiana ranked sixth in the list of lumber producing states. In 1908 it 
ranked twenty-seventh.t Not only had it fallen to this low position in the 
list of lumber producing states, but the cut of 1908S was very decidedly less 
than that of 1907. While some part of this latter loss may be attributed 
to the reduced demand for lumber in 1907, all of it cannot be so referred. 
As a matter of fact the cut made represented all of the high grade timber 
upon which lumbermen could lay their hands. 

While certain regions of the state, notably in the southern counties, 
still appear to be heavily timbered, an examination shows that practically 
all forms of high value have been cut from them. They have been swept 
clean of their yellow poplar, white oak, black walnut, and cherry and are 
made up almost entirely of what may be regarded from an economic 
standpoint as second grade or inferior forms. It is these inferior forms 
that are furnishing the future forest, if indeed there is any promise of a 
future forest. The splendid forests of the past,? splendid not only in ex- 
tent but in the quality of the timber they yielded, have disappeared and 
the forests that remain are infinitely inferior to them both in extent and 
quality. Present conditions indicate a still further deterioration unless 
prompt remedial measures are taken. 

A rather careful examination of the existing areas, supplemented by 
the opinion of lumber buyers, leads to the conclusion that few extensive 
areas in the state will show a stumpage of desirable forms exceeding 
2,500 feet board measure. My own judgment is that the average stumpage 


1Forest Products No. 2. Lumber, Lath and Shingles, 1908. Bureau of the 
Census, issued November 15, 1909, p. 8. 

2Stanley Coulter. The Forest Trees of Indiana, Trans. Ind. Hort. Soc., 1891, 
p. 8. A. W. Butler. Indiana: A Century of Changes in the Aspects of Nature, 
Proc. Ind. Acad. of Sci., 1895, pp. 32, 33. 
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is below this figure. In order to reach this estimate it has been necessary 
to include beech, elm, and sycamore, species which for various reasons are 
not to be classed with white oak, yellow poplar and black walnut. Indeed 
the eager search for beech and elm is a fairly conclusive evidence of the 
paucity of forms of higher quality in the forests of the state. Of course 
there exists here and there throughout the state small tracts showing a 
heavy stumpage of high grade species, but such areas are the exceptions 
that prove the rule. 

A constantly increasing number of wood-working plants are shutting 
down because of inability to secure the needed raw material. The radius 
marking the limit from which this raw material can be drawn is very 
definitely limited by freight charges. I have received a statement, which 
may be considered as official, that fifty per cent. of the veneer plants of 
the state are shut down because they are unable to secure logs suitable for 
their work. What is true of the veneer industry is true in varying degree 
of other wood-working industries. This means, unless checked, loss of 
employment to hundreds or even thousands of men, and either a removal 
of capital to other states or its absolute loss. The reduction in the number 
of wood-working plants in the state within the last decade has been start- 
lingly large and can only be explained by the rapidly waning supply of 
suitable raw material. 

While the data in my hands are not yet complete, I have records of 
over five hundred thousand (500,000) acres of waste land in the state. 
This waste land, located in a very great measure in the southern portion of 
the state, is the result in almost every instance of destructive lumbering. 
Concerning this conclusion there can be no doubt. We have knowledge of 
former forestal conditions, and in many cases the history of the cuttings 
of specific tracts. ‘These waste lands lie open and are absolutely waste ; 
they are not used in agriculture or horticulture and have wasted to such an 
extent that they are completely abandoned. They yield revenue neither 
to the owner nor the state. The indications are that the amount of de- 
forested land abandoned by the owners is constantly increasing. The sur- 
est, indeed the absolutely unmistakable sign of a decadent state from an 
economical standpoint, is a constant increase in the area of abandoned 
lands. 

To counteract the conditions indicated in the preceding paragraphs, 


tree planting has been undertaken in the state on a fairly large scale within 


449 


the past few years. These plantings have been made by individuals and by 
corporations. The tree plantations run up into the hundreds and the num- 
ber of trees into the hundreds of thousands. A careful inspection of sixty- 
nine of these plantings, embracing two hundred fourteen thousand (214,- 
000) trees was made in 1908-09 by Messrs. U. C. Allen and H. C. Kennedy. 
The plantations examined covered the state with the exception of the 
sovtheastern counties and represented practically every type of soil and 
drainage conditions. Supplementing their records by my own observations 
and those of Secretary C. C. Deam of the State Board of Forestry, I am 
led to the conclusion that afforestation operations in the state have been, 
in a large measure at least, unsatisfactory. While there are occasional 
instances of successful and apparently profitable tree culture in the state, 
it is very certain that, taken as a whole, the results are not of such char- 
acter as to give promise of any relief from present conditions in the im- 
mediate future. The plantings have been chiefly catalpa and black locust. 
Only in exceptional cases, and then rather as the result of chance than a 
definite purpose have other species been tried. A very few small plantings 
of black walnut and white ash practically represent the attempt in growing 
trees of high grade. 

The reasons for these unsatisfactory results are not far to seek. They 
may be grouped under three categories : 

1. Ignorance of the silvical qualities of the species. 

2. Poor seed or seedlings which were not of the species desired. 

3. Ignorance of the cultural requirements for securing rapid and 
healthy development. 

Apparently in many of the plantations no question as to the fitness 
of the soil, or drainage, or exposure entered. In another large series of 
catalpa plantings the larger number of the trees were not the hardy ¢a- 
talpa (speciosa) but C. bignonioides or some hybrid. In more than one- 
half of the cases absolutely ne attention was given after the planting, to 
cultivation, to pruning or to coppicing. A study of the conditions in these 
plantations is sufficient proof that afforestation operations will not be suc- 
cessful in Indiana until a much fuller knowledge of the silvical qualities 
and requirements of the species selected becomes common property. 

Bad as the existing conditions are, the case is far from hopeless. The 
‘aggregate timbered area of the state is still large and while the stumpage 
is not heavy nor the quality all that could be desired, yet these areas 


[29—23003 ] 
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furnish not only the hope but the assurance of the future, if, and only if, 
they are intelligently managed. All of the timber lands in the state, with 
the exception of the State Forest Reservation, is held by private owners. 
As a rule these holdings are relatively small and our forests may be ¢on- 
sidered as made up of a large number of wood lots. It is a fact that can- 
not be too often repeated or over emphasized, that it is a much more cer- 
tain and a much cheaper process to maintain and improve an existing 
stand of timber than to produce a new one by planting. Not only is it 
much surer and cheaper, but it is also much more rapid. 

The problem of the future of the forests of Indiana is merely the 
problem of securing the proper handling and care of the wood lots and 
small timbered areas held by individual owners. If such areas are wisely 
handled and conservatively lumbered there is no reason why they should 
not for years yield a steady and increasing income and at the same time 
show a marked increase in quality and value. In other words the problem 
of the future timber supply in the state is very largely a problem of edu- 
sation. Owners of timbered tracts must be brought to a realization of the 
value of such holdings and trained in methods of management which will 
secure the results indicated. It must be shown also that such methods of 
management are profitable, for unless this can be done no method, how- 
ever theoretically desirable it may be shown to be, will ever come into 
general use. The real peril lies in the fact that this process of education 
is a very slow one and that existing timber areas may be greatly reduced 
in value or completely destroyed before a knowledge of the better methods 
has become common property. An examination of a number of such tracts 
covering many counties of the state indicates fairly well what may be con- 
sidered the average condition of the forests of Indiana today. 

Almost without exception these timbered areas are used as pasture 
land, and have, in most instances, been so heavily overpastured as to prac- 
tically destroy all prospects of the regeneration of the forest after the re- 
moval of the present trees. An examination of seventeen such wood lot 
pasture tracts during the past season which were distributed through 
twelve counties of the state, revealed the fact that in not a single one 
could any young seedlings or healthy, well formed saplings be found. Any 
system of management under such conditions is perfectly useless. Unless 
the condition of the wood lot areas is improved and the regeneration of 
the forests provided for by an abundant and vigorous growth of seedlings, 


the end of our forests is not far distant. 
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In most instances the withdrawal of the tract from pasturage will be 
sufficient to permit an immediate springing up of sufficient seedlings to 
eare for the future of the tract. This withdrawal from pasturage should 
be absolute until such time as the young growth is beyond danger from 
browsing animals. After that time light zrazing may not be injurious, al- 
though if grazing is permitted at all, there is the constant temptation to 
overgraze. 

The effect of this overgrazing is very easily demonstrated by simply 
enclosing a tract which contains no seedlings, thus protecting it from cat- 
tle. Almost invariably a dense and abundant undergrowth representing 
many species of tree forms will spring up and in a few years will have 
provided a stand sufficiently dense to allow improvement cuttings and thin- 
nings, leading to the formation of a new forest. 

In the State Reserve a large acreage was burned over the year before 
the State took possession of the tract. At the present time, some eight 
years after the fire, the tract which was burned over is densely covered 
with a growth of vigorous and healthy young trees, with valuable species 
represented in such large numbers as to give certain promise of a fine even- 
aged stand after the cleaning and thinning cuttings have been made. The 
area was regenerated from adjoining seed trees. No treatment of any kind 
was given the tract; it was simply freed from pasturage. 

In the hill regions of the southern counties, and especially in local- 
ities where the hills faced the Ohio river, the forests were removed many 
years ago. For years such tracts were left unfenced and during those 
years the land wasted through erosion and no seedlings obtained a foot- 
hold. At a later period when laws forbidding stock running at large were 
passed and when wire fencing came into general use, these denuded hills 
were quickly covered with a dense growth of vigorous young trees. No 
planting had been done, the soil had received no treatment, but the tract 
as in the former case was freed from pasturage. Such instances could be 
multiplied almost indefinitely and from them can be drawn a conclusion of 
high economic value, namely, that very many of the denuded areas of the 
state could be afforested by the simple process of relieving them from the 
burden of pasturage. It is safe to say that 90% or more of the timber 
areas of the state are so heavily over-pastured as to preclude any possibil- 
ity of their future improvement or growth. Until the owners of these small 


forest tracts realize the utter destructiveness of over-pasturage but little 
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can be done to improve forest conditions in the state. That these state- 
ments are not exaggerated is a matter of fairly easy demonstration by any 
person who will go through an average forest in his vicinity and make a 
close examination for the young trees which stand as a prophecy of the 
future.forest. In almost every instance they will be found to occur in such 
small numbers as to indicate a constantly waning forest. Indeed, in very 
many cases not a single seedling or sapling of a desirable species can be 
found. 

A further examination of these areas within our state shows that in 
by far too many cases they have suffered damage by fire. In very many 
instances these fires have spread into the timber tract from the right of 
way of railroads or from meadow fires which have been started for the 
purpose of cleaning and haye escaped control. However they may have 
originated, their effect upon the forest has been two-fold. First, in a ser- 
ious damage to the mature trees and second, in practically obliterating 
all the young growth which may have become established. As a result 
of the action of such fires, not only is the young growth killed but the soil 
is placed in such condition as to preclude a future growth for several years. 
The damage by forest fires in the state during the past year, which was 
by no means an exceptional one, amounted at a conservative estimate to 
at least $100,000. A very large part of this loss could have been avoided 
by exercising ordinary care. Very much more of it could have been pre- 
vented by the rigorous application of the laws fixing the responsibility for 
the occurrence and spread of forest fires. 

The value of these wood lots as they stand might also be very greatly 
improved in many cases if improvement cuttings of various kinds were 
undertaken. Almost all of them need “cleanings” in order to remove from 
them various undesirable forms. It must be remembered, however, that 
such cleanings must not be too vigorously undertaken lest too great an 
amount of soil be exposed to the action of the sun and the wind. Sudden 
changes in ecologic conditions are particularly fatal to young tree growth. 
Where the undergrowth or undesirable forms are at all dense, probably 
not to exceed 25% should be removed at any one time and the ground 
should not be cut over again in less than four or five years. In these clean- 
ings the object should be to remove all forms the absence of which would 
improve the forest and give the trees left standing an opportunity for a 
more perfect development. In this cleaning should ultimately be removed 
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all trees, which, even if allowed to reach full maturity, would never have 
an economic value. It should also include all trees that are dead or dy- 
ing, since such trees are not only deteriorating in value but also serve as 
centers from which various diseases destructive to the forest may spread, 
and because in addition they furnish natural breeding places for many 
species of harmful insects. When such dead or dying trees are infested 
with fungus diseases cr injurious insects, they should be completely burned. 
The cleaning should also include all trees which are over-mature or for 
any cause are losing value. Trees which are undesirable in shape or from 
other causes do not promise to make a satisfactory growth should also 
be included in the cleaning. Special attention should be paid to seed bear- 
ing trees of undesirable species. ‘These should be removed whenever found 
in order to prevent their seedlings from occupying the ground at the 
expense of the more desirable forms. 

As has been suggested, these operations must not be carried on too 
vigorously since the young seedlings, which are to make the future forest, 
require shelter from the wind and from the sun during their earlier years 
and if the removal of these undesirable forms is made too completely at a 
single operation the object in view will be defeated. By the application of 
such methods not only may the condition of the wood lot be constantly 
improved so that in the end it will contain a vigorous and healthy growth 
of vaiuable forms, but at the same time much material which may be 
utilized for fuel and for other purposes will have been removed from the 
area. In almost every instance, if care is taken, these cleaning cuttings 
will more than pay for the expense required to make them. It is a con- 
servative statement to say that over one-half of the existing wood lots in 
the state would be very greatly improved in value and in productive capac- 
ity by a series of judicious cleanings. 

In addition to these cleaning cuttings, in certain regions “thinnings” 
seem to be required. Two trees of a valuable species may stand so close 
together that if both were allowed to remain, neither would develop into 
a good tree. One of them should be cut away. In almost every wood lot 
also, there are to be found clumps of trees which stand so close together 
that they have developed thin, weak stems instead of stout and sturdy 
trunks. Enough of these should be cut out to insure a healthy and vigorous 
growth on the part of the trees that remain. The thinnings differ from 
the cleanings in that, while the cleaning removes undesirable and injur- 
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ious forms only, the process of thinning removes desirable forms where 
they are wrongly placed in order that the trees left standing may have a 
better chance. There is scarcely a wood lot in the state in which manifold 
instances of the value which would result from careful thinning cannot be 
found. 

The existing wood lots can be still further maintained in good condi- 
tion by a more careful use of the material which is cut from them. There 
is a constant tendency to cut such trees as will work up most easily, what- 
ever may be the purpose for which they are to be used. Good straight 
white oak of sufficient size to have a high value for lumber is cut for fire 
wood, or rails, or posts, when a score of other species which have no lum- 
ber value might serve these purposes as well if not better. In the same 
way large numbers of vigorous and straight young saplings are cut down 
for hoops, for poles, or for other of the manifold uses ef the farm. Such 
wastefulness under present conditions is little short of criminal. The 
woods of high value should be allowed to come to their full size and devel- 
opment and the ordinary uses of the farm supplied from inferior timbers 
which are of less value and of less general usefulness. 

Great care should also be taken in working up the tops of the trees 
cut in such a way as to utilize them as far as possible. Not only does 
such utilization reduce the number of trees that are cut from the tract, 
but it at the same time protects it from damage by fire, since the dry tops 
of trees burn fiercely and are always a great peril in case of fire. An 
examination of an ordinary cutting whether for wood or lumber or clear- 
ing will show that scarcely 50% of the tree is utilized. 

It is very difficult to form any estimate of the amount of the present 
timber stand of the state. As contrasted with the past the average amount 
per acre has been very largely reduced. As examination of the sources of 
supply of wood manufacturing plants will show that a large proportion of 
the more yaluable timbers which they use in their work are secured from 
without the boundaries of the state. As an illustration, information de- 
rived from certain veneering companies of the State may be given. 

The Indiana Veneer and Lumber Company uses in its operation oak 
and principally white oak. Most of this is derived from the states be- 
tween Ohio and Missouri, but not above 25% of it is secured from In- 


diana. 
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The Evansville Veneer Company cuts gum, poplar, white oak, red oak, 
sycamore and beech. ‘They purchase these woods in Tennessee, Kentucky, 
and Mississippi, getting none from Indiana. 

The Goshen Veneer Company uses bass wood, maple, ash, elm, syca- 
more, beech, poplar, oak and walnut. The oak they buy in Illinois and 
Kentucky; the poplar south of the Ohio river. As nearly as they can esti- 
mate, 60% of the material which they use comes from Indiana. 

The Hoosier Veneer Company uses white oak very Jargely, with some 
red oak. About 35% of this material comes from the south and about 65% 
from Indiana. 

Showers Brothers Company, Bloomington, cut only those woods that 
are native to the southern part of the state. They include in their work 
the different varieties of oak, poplar, beech, maple, sycamore, elm, ash, 
and hard gum with occasional logs of walnut and cherry. The last two 
are taken from southern Indiana. <A direct quotation from the letter of 
their secretary is extremely suggestive. “There is yet quite a quantity 
of timber in this section of Indiana. It is, however, becoming very much 
scattered. The visible supply of veneering timber in Indiana is rapidly 
diminishing. In my opinion within four or five years it will be necessary 
for the larger mills to draw from out of the state a large part of their logs. 
The quality of southern Indiana logs, principally the oak varieties, is the 
best in the country fcr veneering purposes. ‘The texture of the grain and 
of the figure being far superior for cabinet purposes to the southern varie- 
ties. We use in our veneering mill alone about 25,000 feet log measure of 
timber per week. It is my 9opinion that further development of the ve- 
neering industry will do more to save the diminishing supply of timber in 
this state than any other one thing, as in working timber into veneer an 
enormous saving in waste is effected.” 

The Diamond Veneer Company uses only quartered oak in its opera- 
tions, buying flitches from the saw mills and not buying logs. The com- 
pany estimates that about 90% of its stock comes from Indiana mills, but 
has no knowledge as to the sources of supply of the mills. 

The Putnam Oak Veneer Company uses practically any of the native 
woods of Indiana. The woeds principally used are white, burr, and red 
oak, ash, hickory, bass wood, soft elm, poplar, walnut, black gum and beech. 
“Probably 20% of the wood, such as gum, cottonwood, poplar, red and 
white oak, comes from Gur native forests, the balance comes from the 
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south, where the timber is better as to size and cheaper as to price than 
our own timber. In my judgment we do not furnish over 40% of the lum- 
ber consumed in the state, the balance comes from the south. As is a 
well known fact, Indiana oak is the finest grade of oak that was ever 
grown in this continent. It is beyond the power of any living man to pro- 
duce the wonderful forests of ocak, poplar, ash, and walnut that once cov- 
ered this state of ours. We gather cur supply from all over the state. 
Fifteen to twenty-five years age we were able to buy bunches of oak tim- 
ber in from 75,000 to 100,000 feet lots, but now we pick up a tree here and 
there where possible. The condition has been reached that the state is 
swept practically clean of all its native oak.” 

Mr. Howard I. Young, Secretary of the National Veneer Association, 
estimates that there is in the neighborhood of ninety million feet of oak 
veneer manufactured in Indiana annually. This output is classified broad- 
ly into two parts, quartered oak veneer amounting to about sixty-eight 
million feet, and rotary cut oak veneer, amounting to twenty-two million 
feet. While much of the oak material is secured from Indiana, Ohio, and 
Illinois, a very material quantity of oak logs are shipped from the south- 
ern states to fill the demand for this class of material. 

These extracts indicate that for many years selective cutting has been 
practised and in fact has been increasing as the years have passed. Tim- 
ber area after timber area has been swept clean of its black walnut, its 
yellow poplar, its white oak, its cherry, and other trees of high grade and 
large size. As a result the forests that are left are composed of less de- 
sirable forms, and it is these less desirable forms that are furnishing the 
forest of the future in so far as any such future is to be hoped for. It is 
very evident from this statement of facts that if the high reputation of 
Indiana timbers is to be maintained and that if Indiana continues to be 
able to provide material for its own wood manufacturing industries, some 
close attention is demanded along the lines of the regeneration of existing 
wood tracts with desirable species. ‘This may mean planting in certain 
open places, but even in spite of the considerable expense involved in such 
a process, the results reached would far exceed in value the cost incurred. 
While the experimental period at the State Forest Reserve has as yet 
been too brief to furnish data for authoritative conclusions, the indica- 
tions all point to the fact that high grade trees such as yellow poplar, 
black walnut, and ash will grow as rapidly as the catalpa and black locust. 
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Not only are the indications that they will grow as rapidly, but also 
that they will maintain themselves in a healthy state, in good form and be 
relatively free from insect attack and fungus disease. While it is true 
that the oaks which are at present in very high demand will not make 
such rapid growth, it has been found that they will make a sure and 
healthy growth and that in all probability a natural regeneration of the 
existing wood tracts with our native oaks and other high grade timbers 
would be easily within the range of possibility, were it not for over- 
pasturage, damage by fire and destructive lumbering. 

All of this means that in the use of the wood lot or small timber 
tract the owner should have constantly in mind its perpetuation in unim- 
paired value. No tree should be cut unless there is evidence that its place 
will be quickly taken by another equally desirable form and this evidence 
is always at hand in the presence of an abundant young growth. If such 
a young growth is not present, cutting cannot be done without diminish- 
ing the value of the stand. In every case the owner should regard a stand 
of timber as an investment from which he should derive a constant rey- 
enue, while at the same time the investment remains unimpaired. The 
searcity of high grade timber, the eagerness with which it is sought and 
the relatively high stumpage values all combine to tempt the owner to such 
an impairment of his investment, but a yielding to the temptation is an 
indication of poor business judgment. 

It may be necessary in many instances to reinforce the relatively slow 
process of natural seed regeneration. ‘This may be done cheaply and effi- 
ciently in many ways, which are self-suggestive, yet which will bear re- 
statement. The weeds and brush may be cut away from the immediate 
neighborhood of the “mother seed tree” in order that the seeds may come 
in closer contact with the ground when they fall, thus greatly increasing 
their chances of successful germination. If the soil is hard and compact 
it may be broken with a hoe or plow so as to furnish a more satisfactory 
seed bed. In some cases where the litter of leaves is quite deep it may be 
advisable to rake it off in order to expose the mineral soil and even in ex- 
treme instances to burn it off, although burning over a tract to reinforce 
natural seed regeneration is an extremely doubtful process in unskilled 
hands. The methods suggested do not cover wide areas and are the-ordi- 
nary methods used in the management of other crops. Whatever form 
they may take the result sought is the same, an increase in the number of 
seeds germinating by improving the character of the seed bed. 
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It is very obvious from this résumé of conditions that unless the own- 
ers of existing wood lets attack the problem in an intelligent way the time 
is not far removed when practically all of the material used in our wood 
manufacturing plants will have to be shipped in from other states. 

The conclusion to be drawn from the statements in the above para- 
graphs are all but obvious. Practically all of our forests are in private 
hands and it is very evident that the timber problem in Indiana is to be 
solved by private forestry. The obstacles to private forestry are summar- 
ized by Treadweli Cleveland, Jr..° as five risk, ill-devised taxation and 
cheap stumpage. The first two of these he suggests are “artificial obsta- 
cles’ which may be removed by suitable state legislation. Concerning the 
third, Mr. Cleveland says: “Cheap stumpage is the chief material obsta- 
cle to the wide extension of private forestry. Forestry involves an in- 
vestment in growing timber. If the investment is to show a satisfactory 
profit, the product must not sell too cheap. As long as the product sells 
cheap, expenditures will uot be made to produce it, and the lumberman 
will continue to be the nomad and the speculator which past conditions 
have inevitably made him. In erder to hold out inducements to private 
enterprise, forestry must offer a reasonable margin of profit above the 
cost of growing the timber. 

‘This obstacle to forestry is being steadily removed by the depletion 
of the virgin forests and the consequent rise in stumpage prices. Already 
the scarcity of supplies has resulted in a number of cases in the holding 
of tracts for more than a single crop.” 

It is evident that if the timber supply of the state be maintained there 
must be cooperation between the state and private owners. Just what 
form state laws for the encouragement of forestry should take is not 
perfectly clear. It is evident, however, that legislation should develop out 
of state conditions and until the resources of cooperation have been ex- 
hausted, definite legislation should not be enacted. An examination of 
State laws encouraging forestry shows that they may be grouped under 
two general heads. First, those which seek to stimulate tree planting by 
bounties or tax exemptions; second, those establishing Forest Commis- 
sions and, in late years, State Foresters charged with duties suggested by 
the conditions in the state creating these offices. ‘The laws under the first 


group have been, almost without exception, ineffective and in very many 


3 Status of Forestry in the United States. Forest Service Circular 167, pp. 25-24. 
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cases have been repealed and in a considerable number of other cases de- 
clared unconstitutional. Such laws ‘have had some slight educational 
value, but they have led neither to the planting nor to the preservation of 
forests.’ 

Laws falling under the second group, on the contrary, seem to have 
greatly advanced the cause of forestry. This has been done mainly by 
gathering information, cooperating with private land owners and giving 
advice concerning the care of private holdings and tree plantings. In many 
states, state forests have been established and these have in every in- 
stance proved of high value. To quote directly from Mr. Cleveland.’ 
“These State forests represent a line of state action which has been pre- 
eminently successful. New York leads the list in State forest area (1,611,- 
817 acres), followed by Pennsylvania (863,000), and Wisconsin (253,573 
acres.) The smaller attempts of Minnesota, Michigan, Connecticut, Mas- 
sachusetts, New Jersey, Indiana, ete., are all important. The State forests 
speak for themselves. First, they furnish cbject lessons of great value; 
second, they ferm the nucleus of what some day must be the principal 
center of state forest work. It is a fundamentally sound policy for the 
State to own land, especially land which does not offer the conditions 
necessary for prosperous settlement.” 

Under existing conditions in our own state, the most important and 
immediate duty is 2n exiension of knowledge concerning the significance 
of existing timbered areas in their relation te the future of the forests and 
of the wood working industries; of their value as investments; of meth- 
ods of management and utilization which will secure the maximum revenue 
without deterioration of the stand; of the importance of reinforcing nat- 
ural seed regeneration and of a more general practice of wisely considered 
afforestation methods. The most casual inspection of the present timbered 
areas would prove sufficient to convince the most skeptical of the impor- 
tance of intelligent and persistent effort along the lines indicated. If, in 
addition, we consider the large area of land at present utterly unproduc- 
tive, areas which are increasing in extent each year, some wisely planned 
and judiciously applied remedial measures seem absolutely imperative. 
The Academy of Science could de much as a body and through the efforts 
of its members to aid in this work. The problem is sufficiently acute to 


44nd 5 Status of Forestry in the United States. Forest Service Circular 167, Sep- 
tember, 1909, p. 21. 
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indicate that the time for destructive criticisms of present attempts for 
its solution has passed, and that the time has arrived for cooperation in 
this work. If this cannot be given, the criticism should at least be con- 
structive. In eight years of service on the State Board of Forestry, it 
has been my privilege to hear many sharp criticisms of its personnel and 
its work, but in all that time there has come neither to the board nor to 
any individual member of it a single suggestion as to how either might be 
improved. 

It may be assumed without argument that a complete invoice of the 
present stand, as to amount, composition and distribution is absolutely ne- 
cessary in order to secure results which are even approximately satisfac- 
tory. As a matter of fact, it has been demonstrated that with the present 
sources of information and with the present limitations as to the functions 
of the State Board of Forestry the collection of such data is absolutely im- 
possible. Yet, it is evident that such a census of our forests and such knowl- 
edge of their composition and distribution are conditions precedent to any 
successful work looking to the maintenance of our timber supply. It is 
at this point that the state should cooperate with the National Forest 
Service. In many states, such a ferest census has been or is being taken, 
the Forest Service detailing experts for the work and the state paying the 
expenses of the survey. Such cooperation gives the most complete, the 
most accurate and the most easily comparable results in the shortest time 
and at the least expense. If such cooperative work is impossible, then the 
Board of Forestry should as rapidly as its means will permit, collect and 
organize information covering these points. The slightest consideration 
of the future of the forests and of the wood-working industries of the 
state will show that the results of such a census would prove of the high- 
est importance, not only in determining the policy of the state but in em- 
phasizing the significance and value of existing timbered areas. 

There is need also of much more exact and indeed of much additional 
knowledge in relation to the selection of species for planting in the differ- 
ent soil, drainage and exposure conditions of the state. There is need 
also of equally exact. knowledge concerning the silvical qualities of these 
species, the most economical methods of propagation, their spacing in 
plantings, their cultivation and care and above all their rate of growth 
under variant conditions. The securing of such data is a matter of years 
of continuous experimentation and this work the state is properly under- 
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taking on the State Reserve. There is necessity, however, that the fact 
should be kept in mind that results sufficiently definite to prove of general 
application can only be secured as the results of large series of experiments 
continued through many years. In order, however, that such work may 
reach its highest value there should be close cooperation with individual 
land owners throughout the state. Cooperative experimental plats should 
be found in every part of the state. The seedlings should be furnished 
from the state reservation and should be planted and cultivated under 
regulations prescribed by the State Board of Forestry. Regular reports 
should be made by the owners to the Board and regular inspections of 
such plantings should be made by its Secretary. The conclusions result- 
ing from observations covering a wide range of conditions and involving 
varying degrees of care and attention would evidently be of much greater 
value than those possible under present methods. 

There is cause for congratulation in the fact that the state realizing 
the gravity of the problem confronting it is taking steps to avert the dis- 
aster which our rapidly waning timber supply seems to indicate. Caution 
in such matters is of course wise, but it should not be forgotten that as a 
tule a Fabian policy is ineffective in acute cases. There is every reason 
for confidence, however, in believing that no backward steps will be taken 
and that as the years pass the development of a wise forest management 
on the part of individual land owners, will under the guidance of the 
state be far more rapid than in the past. There is reason for hope also in 
the general observance of Arbor Day for it gives assurance that the next 
generation will have a fuller knowledge and a truer appreciation of the 
value of our forests than their parents ever possessed. 

Summarizing; the present forestry conditions in Indiana being as 
stated, three great lines of work suggest themselves as immediately neces- 
sary if the timber supply of the state is maintained: 

1. An educational propaganda emphasizing the importance of correct 
forest methods, the value and potentiality of existing wood lots, and of the 
importance of reclaiming waste lands by tree planting. 

2. <A census of the present timber stand, its composition and its dis- 
tribution. 

3. Cooperative experimental work on the part of the state and indi- 
vidual land owners, for the determination of suitable species for affores~ 
tation, their silvical qualities and their rate of growth. 
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Quite apart from any sentiment, no more acute problem nor one 
which directly affects more business and individual interests confronts 
the state. Others may be of greater magnitude, but certainly no other 
one touches so intimately suck wide and varied interests. 

Purdue University, 

Lafayette, Ind. 
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AN ACT TO PROVIDE FOR THE PUBLICATION OF THE REPORTS 
AND PAPERS OF THE INDIANA ACADEMY OF SCIENCE. 


[Approved March 11, 1895. ] 


Wuereas, The Indiana Academy of Science, a chartered scientific 
association, has embodied in its constitution a provision that it will, upon 
the request of the Governor, or of the several departments of the State 
government, through the Governor, and through its council as an advisory 
board, assist in the direction and execution of any investigation within its 
province, without pecuniary gain to the Academy, provided only that the 
necessary expenses of such investigation are borne by the State; and, 


WHEREAS, The reports of the meetings of said Academy, with the sey- 
eral papers read before it, have very great educational, industrial and eco- 
nomic value, and should be preserved in permanent form; and, 

Wuereas, The Constitution of the State makes it the duty of the 
yeneral Assembly to encourage by all suitable means intellectual, scientific 
and agricultural improvement; therefore, 


Section 1. Be it enacted by the General Assembly of the State of 
Indiana, That hereafter the annual reports of the meetings of the Indiana 
Academy of Science, beginning with the report for the year 1894, including 
all papers of scientific or economic value, presented at such meetings, after 
they shall have been edited and prepared for publication as hereinafter 
provided, shall be published by and under the direction of the Commission- 
ers of Public Printing and Binding. 

Sec. 2. Said reports shall be edited and prepared for publication with- 
out expense to the State, by a corps of editors to be selected and appointed 
by the Indiana Academy of Science, who shall not, by reason of such sery- 
ice, have any claim against the State for compensation. The form, style 
of binding, paper, typography and manner and extent of illustration of 
such reports shall be determined by the editors, subject to the approval of 
the Commissioners of Public Printing and Stationery. Not less than 1,500 
nor more than 3,000 copies of each of said reports shall be published, the 
size of the edition within said limits to be determined by the concurrent 


action of the editors and the Commissioners of Public Printing and Station- 
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-ery: Provided, That not to exceed six hundred dollars ($600) shall be 
expended for such publication in any one year, and not to extend beyond 
1896: Provided, That no sums shall be deemed to be appropriated for the 
year 1894. 


Sec. 3. All except three hundred copies of each volume of said re- 
ports shall be placed in the custody of the State Librarian, who shall 
furnish one copy thereof to each public library in the State, one copy to 
each university, college or normal school in the State, one copy to each 
high school in the State having a library, which shall make application 
therefor, and one copy to such other institutions, societies or persons as 
may be designated by the Academy through its editors or its council. The 
remaining three hundred copies shall be turned over to the Academy to be 
disposed of as it may determine. In order to provide for the preservation 
of the same it shall be the duty of the Custodian of the State House to 
provide and place at the disposal of the Academy one of the unoccupied 
rooms of the State House, to be designated as the office of the Academy 
of Science, wherein said copies of said reports belonging to the Academy, 
together with the original manuscripts, drawings, etc., thereof can be safely 
kept, and he shall also equip the same with the necessary shelving and 
furniture. 

Sec. 4. An emergency is hereby declared to exist for the immediate 
taking effect of this act, and it shall therefore take effect and be in force 
from and after its passage. 


APPROPRIATION FOR 1910-1911. 


The appropriation for the publication of the proceedings of the Acad- 
emy during the years 1910 and 1911 was increased by the legislature in the 
General Appropriation bill, approved March 9, 1909. That portion of the 
law fixing the amount of the appropriation for the Academy is herewith 
given in full: 

For the Academy of Science: For the printing of the proceedings of 
the Indiana Academy of Science, twelve hundred dollars: Provided, That 
any unexpended balance in 1909 shall be available in 1910, and that any 
unexpended balance in 1910 shall be available in 1911. 
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AN ACT VOR THE PROTECTION OF BIRDS. THEIR NESTS AND 
EGGS. 


Sec. 602. Whoever kills, traps or has in his possession any wild bird, 
er whoever sells or offers the same for sale, or whoever destroys the nest 
or eggs of any wild bird, shall be deemed guilty of a misdemeanor and 
upon conviction thereof shall be fined not less than ten dollars nor more 
than twenty-five dollars: Provided, That the provisions of this section 
shall not apply to the following named game birds: The Anatid:e, com- 
monly called swans, geese, brant, river and sea duck; the Rallidae, com- 
monly called rails, coots, mud-hens, gallinules; the Limicolae, commonly 
called shore birds, surf birds, plover, snipe, woodcock, sandpipers, tattlers 
and curlew; the Gallinae, commonly called wild turkeys, grouse, prairie 
chickens, quails and pheasants; nor to English or European house spar- 
rows, crows, hawks or other birds of prey. Nor shall this section apply to 
persons taking birds, their nests or eggs, for scientific purposes, under per- 
mit, as provided in the next section. 

Sec. 603. Permits may be granted by the Commissioner of Fisheries 
and Game to any properly accredited person, permitting the holder thereof 
to collect birds, their nests or eggs for strictly scientific purpsses. In 
order to obtain such permit the applicant for the same must present t» 
such Commissioner written testimonials from two well-known scientific men 
certifying to the good character and fitness of such applicant to be en- 
trusted with such privilege, and pay to such Commissioner one dollar 
therefor and file with him a properly executed bond in the sum of two 
hundred dollars, payable te the State of Indiana, conditioned that he will 
obey the terms of such permit, and signed by at least two responsible citi- 
zens of the State as sureties. The bond may be forfeited, and the permit 
revoked upon proof to the satisfaction of such Commissioner that the 
holder of such permit has killed any bird or taken the nest or eggs of any 
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bird for any other purpose than that named in this section. 
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CONSTITUTION. 


ARTICLE I. 


SecTION 1. This association. shall be called the Indiana Academy of 
Science. 

Sec. 2. The objects of this Academy shall be scientific research and 
the diffusion of knowledge concerning the various departments of science, 
to promote intercourse between men engaged in scientific work, especially 
in Indiana; to assist by investigation and discussion in developing and 
making known the material, educational and other resources and riches 
of the State; to arrange and prepare for publication such reports of inves- 
tigation and discussions as may further the aims and objects of the Acad- 
emy as set forth in these articles. 

Whereas, The State has undertaken the publication of such proceed- 
ings, the Academy will, upon request of the Governor, or of one of the sey- 
eral departments of the State, through the Governor, act through its coun- 
cil aS an advisory body in the direction and execution of any investigation 
within its province as stated. The necessary expenses incurred in the pros- 
ecution of such investigation are to be borne by the State; no pecuniary 
gain is to come to the Academy for its advice or direction of such inves- 
tigation. 

The regular proceedings of the Academy as published by the State 


shall become a public document. 


ARTICLE II. 


SEcTION 1. Members of this Academy shall be honorary fellows, fel- 
lows, non-resident members or active members. 

Sec. 2. Any person engaged in any department of scientific work, or 
in original research in any department of science, shall be eligible to active 
membership. Active members may be annual or life members. Annual 
members may be elected at any meeting of the Academy; they shall sign 
the constitution, pay an admission fee of two dollars and thereafter an 


annual fee of one dollar. Any person who shall at one time contribute 
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fifty dollars to the funds of this Academy may be elected a life member of 
the Academy, free of assessment. Non-resident members may be elected 
from those who have been active members but who have removed from the 
State. In any case, a three-fourths vote of the members present shall elect 
to membership. Applications for membership in any of the foregoing 
classes shall be referred to a committee on application for membership, - 
who shall consider such application and report to the Academy before the 
election. 

Sec. 3. The members who are actively engaged in scientific work, who 
have recognized standing as scientific men, and who have been members 
of the Academy at least one year, may be recommended for nomination for 
election as fellows by three fellows or members personally acquainted with 
their work and character. Of members so nominated a number not exceed- 
ing five in one year may, on recommendation of the Executive Committee, 
be elected as fellows. At the meeting at which this is adopted, the mem- 
bers of the Executive Committee for 1894 and fifteen others shall be elected 
fellows, and those now honorary members shall become honorary fellows. 
Honorary fellows may be elected on account of special prominence in 
science, on the written recommendation of two members of the Academy. 


In any case a three-fourths vote of the members present shall elect. 


ARTICLE ITI. 


Section 1. The officers of this Academy shall be chosen by ballot at 
the annual meeting, and shall hold office one year. They shall consist of a 
President, Vice-President, Secretary, Assistant Secretary, Press Secretary 
and Treasurer, who shall perform the duties usually pertaining to their 
respective offices and in addition, with the ex-presidents of the Academy, 
shall constitute an Executive Committee. The President shall, at each an- 
nual meeting, appoint two members to be a committee, which shall prepare 
the programs and have charge of the arrangements for all meetings for 
one year. 

Sec. 2. The annual meeting of this Academy shall be held in the city 
of Indianapolis within the week following Christmas of each year, unless 
otherwise ordered by the Executive Committee. There shall also be a sum- 
mer meeting at such time and place as may be decided upon by the Ex- 
ecutive Committee. Other meetings may be called at the discretion of the 

)xecutive Committee. The past Presidents, together with the officers and 
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Executive Committee, shall constitute the council of the Academy, and 
represent it in the transaction of any necessary business not especially pro- 
vided for in this constitution, in the interim between general meetings. 
Sec. 3. This constitution may be altered or amended at any annual 
meeting by a three-fourths majority of the attending members of at least 
one year’s standing. No question of amendment shall be decided on the 


day of its presentation. 


BY-LAWS. 


1. On motion, any special department of science shall be assigned to 
a curator, whose duty it shall be, with the assistance of the other members 
interested in the same departinent, to endeavor to advance knowledge in 
that particular department. Each curator shall report at such time and 
place as the Academy shall direct. These reports shall include a brief sum- 
mary of the progress of the department during the year preceding the 
presentation of the report. 

2. The President shall deliver a public address on the morning of one 
of the days of the meeting at the expiration of his term of office. 

5. The Press Secretary shall attend to the securing of proper news- 
paper reports of the meetings and assist the Secretary. 

4. No special meeting of the Academy shall be held without a notice 
of the same having been sent to the address of each member at least fifteen 
days before such meeting. 

5. No bill against the Academy shall be paid without an order signed 
by the President and countersigned by the Secretary. 

6. Members who shall allow their dues to remain unpaid for two 
years, having been annually notified of their arrearage by the Treasurer, 
shall have their names stricken from the roll. 


7. Ten members shall constitute a quorum for the transaction of 


business. 
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Magan Ss. JOHOnROtt.. 560 62 a.0 2S ols 1 OL) eee Ia Peer, Terre Haute. 
VOD eT teEbyONS% aya esas oo se eins SOG Kae eee Nae Bloomington. 
ATR IMNIGESET ite cvatccsiei thie ess as «shares LOO 4S 26h os eae eek: Terre Haute. 
heel Wlarstersy., dentersee occ ee olen 3 TSOS ae eee beter: Santiago, Chili. 
ROME ra ten aks List i ai sass Glades IS” Ra ae ys eee Terre Haute. 
Tis AAc IN GIG iGo ltetre. tena aaeiear ee 190A eerie boc Swarthmore. 
Were Migemkha uss es yeas tae see ee wines QO te cise oe. Bloomington. 
Buchan 13. Moore. 20) jee ss 0. be ha es BOLO are ante cs Indianapolis. 
De VE Mo hilerke ny pact takes cee SOS!) cer S ie ete Seeks Bloomington. 
Ji ERAN IES GTR age Sees Oe ene a 109 2 aie a Greencastle. 
TD VERA INO esis iis cribat Als tachi WSO See Se rye cae Paci oias Urbana, III. 
VOM ABR RAMSEY 02 secede unk 4 qin axes T9OG RANT Shes ee Bloomington. 
eRe ATISOM sy oye oct Nee fet. Min. Hae 1G Deere Ee en. Lafayette. 
Ibn d Js TROL LRTED Os Batt cl outg ROIeiC) SO SIetenC RES aE Adee ISO Gia ete woe kiee Terre Haute. 
Davideotonocks se eccrm sss a1 ose eee OO Geis cet cei ey Bloomington. 
aula COVE Ux aeens arns, ar feabs one mgs Spree SOARS cre ys fate Terre Haute. 
ANTI ovesetis ie a NILE OURS, S08 eae ley ese enter eae QOS yee See ce cigs Lafayette. 
fPMlexasrmaiib heen (ang ee Meta. ae ce, OE ve Soned gece eee Chicago, Ill. 
Ne ee SOME bn ais Shicdtnarie soins acu kiia. 2 SOS: Meets Lafayette. 
PS CUMGOW ALICE | Seamer At) Ve 0h 2 sabe: SOS ae he Swarthmore, Pa. 
NIRS Shomas ue wreuteh ments wt ee: SOS ree 3 reine sa Crawfordsville. 
i Capt Ose AN iia ec ery ec Mcs ara on ca: SOB ee HEA = Reset St. Louis, Mo. 
Ras WEDStEL 5.0 nenlckee es.s ose os: SOAs ones tere tna Washington, D. C. 
Micob) Westlund, sos se wauee coe Lees ROMA Re. oy. beter Lafayette. 
HL EMVVe mV Grey ncernhe anus teas cums ete SOD As ees Washington, D. C. 
RPM GOLGI ets nc | Vota SaaS OS ties of dict ot 2 Nez ag dane Indianapolis. 
ETI S aN a a ae ce ieee em NROAS AS Ache paar Indianapolis. 

*Date of election. 

t Non-resident. 


NON-RESIDENT MEMBERS. 


BPGLEC ae PASAY: ) 02-3 iets es Pe Se RS etoe ae Washington, D. C. 
‘le CLEAN UA 2) Cea oO Beth oa Stanford, University, Cal. 


[2—26988 ] 
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VIE DAT ABS namin Onteneege ne sail os Asay ne NAR ke rence eee: Grand Forks, N. D. 
DES Camp Dellums ce shat et ce es oe ees s Stanford University, Cal. 
JEMOR Vics Obit rie ees ek ot ek Lh CRE Piraeus, Eo Rae 2 ee Washington, D. C. 

JB doe I DYorgatrch et, 4 Need etary: Vee wwe ac tes Renew ORL Urbana, Ill. 

pA Sy Wl Gre ditt os nc Soe 5 Aesop ose hes Soe eet Ene Worcester, Mass. 

IBAAWe BEI enIT Aes oo ss eae cet Sea heat recs, ee Washington, D. C. 

We eGR SN San, 5.07 Bede e Ss Saeed sos 6} Los Angeles, Cal. 

OR LEROU Me. Mee ah sal el Pee Shes ee ae Pittsburg, Pa. 

ST eer emeA DIRE ge oi sy areas s oc ep? AR line Aes Stanford University, Cal. 
MIU ROCKIES gett or Ae sy eae 2 SRN s Seated cup avid Columbia, Mo. 

CRANES Ie a Se A a a ee ee ee Syracuse, N. Y. 

aE Ree Seas! o avids SH. AMES o aes y ew ths Washington, D. C. 
Leohy@eneo be keyed nets, 6 Oe Real Pie oe oe rors ea Stockton, Cal. 

SE 7 ROTM 2 chase Bye 9 85. OE AROS ne Stanford University, Cal. - 
(Gis ALAR ah 6) 005 acs Ate ON aioe <n Ck RAs SR SR Urbana, III. 

DD rad OEE soda > fob os os dd pubie Sen ements Osa Stanford University, Cal. 
J, MBE yes... ee de a Enea Tufts College, Mass. 
IVD Oli eal Pra teste yds bor. bo Aa PAS eth oe Tueson, Arizona. 

Ripe yes WRC MONEE Often es dave a LS aK aoe oan Valley City, N. D. 

T. C. Mendenhall........ cop Srey Ss Nadcreiiod ran Worcester, Mass. 

BJ iar eee DU Oy STAM eam rere eh cil hts oe OMe od deter Rees Stanford, University, Cal. 
IMU LINCNAG Hi omene ee er Toes cdlau aint Rol einai oats) Fayettesville, Ark. 

INT pes EL ESEIN. Ce Wiehe Nats ace ocd ove are yadda oN Cre AS Orr, Minn. 

SPAMS Por cic ae ea ae 2 a nmr Stanford University, Cal. 
Pe PRCR a OMMIAE RS Mey boi os evs vw, BR RA a Cincinnati, Ohio. 

Robert B. Warder (Deceased)...........6.-...55. Washington, D. C. 
ESTNESUNV WIC Ree ety ner shovel nie wi os are aie ad erage glee Fayettesville, Ark. 

CS eT kro Si oda he PPh has cta mudd Fayette, Ia. 


ACTIVE MEMBERS. 


Re RINSE Soh ge oh ope & Gras Syees ods See oes ance ehteha tc Delphi. 

ee PRI RCIEY ihc aca ietetes 2 alee a We iene SHIRE eo diva 3 West Lafayette. 
EDAWN CoE TS ORs: sfc tirns isis ae oo he nals es Ladoga. 
RANA E OUD 1. 0. 210 est ant oe theca sce ei ic eeriea ake .Crawfordsville. 

ETA HUIS Mi rip ee eee he sees Leta oan oy dene ee ase ker San Francisco, Cal. 
WAber: PARI Trance ire tne oleeideigea saith aete Indianapolis. 


VBR Ge rN EMER aD oh ake ete scane ata aurea Maton aby Redkey. 
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Bdvcindekincnvibamost a= oy. o4 shee wae ae Indianapolis. 

22 EVERIO Gel cS oR a PR Greencastle. 

ETO Op ED UC CUS sere ene as foc. cc. bs able oe bees caer e Indianapolis. 
0 Es SOs 17s RIN DO ea ge West Lafayette. 
SE TaGL ORES Clee ert Cones iy Bee eens SUR Indianapolis. 
DOM LEDS TOS GRASS 508 halle ga ae oe Moores Hill. 
wh LEC TESTIS Feast ise Derr a Valparaiso. 

SMR IacER Ter oh Os cry Ree oe eas o8 se SLE Loe eee nes West Lafayette. 
cinmyaeOnidcerstshOMs sh. oce seas se dsdes em cut en Indianapolis. 

LL QE NEW GALS) eae es Oey a ee ee ee ee Bloomington. 
Minliname Ne lamehard: 7.50.2 sach. soe) doce tes os Greencastle. 
Mere) CSS ONG Hee ary tea eect Ae ooh ee ne lees Richmond. 

Eke Hho LBXOUTA Sees Meee Sie, eelbets eee te Ge Ha iene aD Edinburg. 
Beet OMET er Geet hy 87 ae AOL Jace Li Lebanon. 

PE EARCOM GS to, hee cos wile dies Sone e aoe ee. Daleville. 

| DUES. BNE 0) ae a Indianapolis. 
Le, [EST CSSD hd aR eo) ol eR A ae Po Terre Haute. 
WUE eAS GLeT es Sie Ae eh 2A Se Oe te ee Indianapolis. 
IB@ Neen ANTES CRY NV Sian aiken Set A Indianapolis. 

et terbec (AV tmnints es ee 8 Pe ah Ree Indianapolis. 
ewiss@ linton! Carson... td. 5 s.s os 4ie ances lessee Detroit, Mich. 
Herman 8S. Chamberlain (Deceased)............... Indianapolis. 
1D) 91a" ( GLE (eS A ee en Rn aCe Bicknell. 

EN (Goh NAV Z ACH INT RSS etn aaa Re er eo Kokomo. 

Sere reO iLO ey Noe 2 ts eae ty 9 soo arate Sok sje oe Cincinnati, O. 
“its BLS CHIE 7 eS a naa el ate ie Jey eet a Connersville. 
UTI ard Os SEA) Tee ea re da Portland. 

[EL NON Gol Ces i em ge tel el Ae eet oe Chicago, IIl. 
Whrarlest@licknern. seectty es eeth sas shes Sahn a ee: Silverwood, R. D. No. 1. 
AerrleseAM CE Ney hn ee eee oan ea Petersburg. 
(TLE TTEL GA TEU GTC I (0. Spek Ae ana Columbus. 

coo dt, (REVERT eS OS eee a Crawfordsville. 
WUT, TB, (Cay lt gh Oo eee a nn eo ee Franklin. 

Chas. M. Cunningham......... i ene ra Indianapolis. 
WonenzoghrelWanielss ys A 5 ont Shee teens 285i ces Laporte. 

Tie, Lalas DER bsg ce he aie ct aetna tec ca Ere eRe OC eae ae me West Lafayette. 
iY ELNTTTAY RSS BA Es at ice ae oe A Terre Haute. 


UAE CHIC UU CTI Sorte Tene ee heed ee tome ee Indianapolis. 
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VE GEM 152 thy foe os 6 os Gtae Rete eer eee Frankfort. 
Harry hei Ci Zea rete a aay Meee CE ee eERe ee Noe Indianapolis. 
Jamesbs OimOndss sa) eer os a a ae Indianapolis. 
Mepetia TORN i) 9 tre a5: heed a es Oe Oe See es ies Westfield. 

PREMIO OLAS Ar Oh e> te See ae RTI AI ay. tA | oo tate Syracuse. 

se AAWAG MITE Wer ors tale cs he eae oko iow ieee Bloomington. 

Je ley avs} 1D Abie (al aes oes 2 ea, Sennen lg oan MMR Soto Indianapolis. 
RAGE LM ATATT oot noe oN eer a ec gies hee vee oY Logansport. 
Lene ras UA) ELT Tar Pe gg ig OO neat ep RNR Sag at Logansport. 
MES OOirrbim) elise Wits, 88 shee. ere: oh. Bloomington. 
ee DUCE remnmac. ci. tole eo Or I ve ehh cnn ote Bloomington. 
EEOC Te) EDDM END 9 (oa Indianapolis. 
Pie Pe eNMee er cus ey gee ol Joke) Noma, aes 
AOE VEER CCT ete eit le 2S tea eet AUP, ee. Est Indianapolis. 

WN err tpeeey ELIE, i Steve Fase seats y et cae e sc oe Bloomington. 
LEE Ds TDG PS ae 3 ae al ae Sa Ane Mee Mini ae Alera West Lafayette. 
Sel UN CL El ee, re a ie eae Sey: Evansville. 
MAY iy oy 25 2) his eee Ae err ae arene oe Logansport. 
eee Pa ew ts eK Tet! cuca aati. stake ene Crawfordsville. 
LTR) I SL a Pa ae Oa West Lafayette. 
ee RO UDC Is PRE ce Giant Ha once: Hae FADE RS Lafayette. 

PRE ERIE =o chA See Slay 6, fy inn 5 Scat ad eto, Veco Linden. 
(SROLRCRVN TIEN: cial Wn. cools ha ee eee ete ee West Lafayette. 
jE Te ONS ee ee: | A oe I, Oe Re A ees eS West Lafayette. 
PSITES ILS HN Did Rey ee Ee aye ata es 2 a Jeffersonville. 
ID NAGEL Lead oie h« ac oss vey eo eo eeiene North Madison. 
TSE ae gh Cr Fa eae eR er eB Bloomington. 
PERNT NM, CPUS te SPS aig Fs eevee, aoe onan Logansport. 
AE: Ge ATTN AT Nc ce arate me neat leh) tals Pat, ane «ope ter Indianapolis. 

Afr] SL N01) Ca a ee ae, en her A AD RE, Crawfordsville. 
HIGEENCE YAS Ale at ncn tart heen ei Ae vai nine Toledo, O. 

HO WerinG.e, Gilliieorss ate ee cel ome ov ae ae Terre Haute. 

1QE Lata (Ca koal «ee ery eee RA ge pe ts fe ae eR Brookville. 
HEEUeniCa Wiel AObUMED : © sickgetiis oe bees. ha eee Morristown. 
Wis nts Gyo) ul Uo ete pet an es th RAD ee ae iy, Rochester. 

A A NO RaATOCRE § OX oii Sees wale, neeie tees oer Be New Albany. 
(OF Nd hCG dic o (ot Maar gen ene S, Cae ag ae POM ne P07 yee ted Re Russellville. 


Walter L. Hahn (Died May 31, 1911).............. Springfield, 8. D. 


oo LDS TEU Te ae Sean cae oN Sa Ae West Lafayette. 
reve ATI ALS GLa ist ff disc in ceo he Sas LOO Oe Bloomington. 
MADR era ohliatitiemet fe Pd fe Uk ns Lalceis ten chee Indianapolis. 
WaciorsHendricksaree thin si>. <oois os: oeie a rigines St. Louis, Mo. 
HEM eeEVOCSSIGT: yas tierh t tte! to oy dees Bde Re ee mete TE Crawfordsville. 
Jonna seletherington! os. 95,05. .d00052.-.h0s20be ne Logansport. 

2 EEE IEE SSeS Ee Philadelphia, Pa. 
[rol ava, 1Bl5: 18 Givers Fatah eae aaa ea Cn ee Ae ndianapolis. 

IM Tpaiolis 1Reel 8 ctia hap oy ak a a A ae Terre Haute. 

See Cllasbinands eres nth wets: ona scsi baa ee ee Madison. 
Voie kb debmaitditze 24. an.) 626 eh des cv anes ee coe Logansport. 
CON pe Oli eee ah eer eRe Adc eseay aise, Aargeio- hoa e Lafayette. 
Cab wHomman. ©. oie Aloe: Pen aeyt Erie SEN Re, eto esate Logansport. 
ANiiligrin TD eT We} Cras Bata 20s aR ore See a ae Richmond. 
IiemiseNieE lub bards ex As ee ase SAG es SRS a-e oe South Bend. 

i STL 518 PT ae ee eg Indianapolis. 

(Qh. Jiis LB AIT AV ATHCES od ileus eo ete A ne ee ee West Lafayette. 
HOG OGMEUME LLY COs wun Bpksret ok 16 sind ae emee ees 2s Terre Haute. 
ieisiava MEM TS OMe ereeycb et) <a: o6Y is sd Pekan Aes a) oe Marion. 

See SeTIDEEOET Caen m teeta sauce aces Meds Moe de weioe Louisville, Ky. 
OEE ACKG On (tra eh oe Mate cos ad Bea Durham, N. H. 
Dae ac kSOnl ss ate asta chee doe ae cade ease St. Louis, Mo. 
Nom Cm LOMMS OM: teeta It ORES mich o ected et sie oe eee mos Lafayette. 

ba R ar ohnsone. sacteeree we cice,. aie poche ee. Greenfield. 
ACME) ONES Mg het wl neg eat cladrt ara iid stan tee tes oe West Lafayette. 
WEP OUEG Se ttm eee oes ls 2 aay one! ela, West Lafayette. 
(Da Mie TSS yas ger tet ae a na a aide coah gn eee Ie gia Ee Terre Haute. 

Nem WVIPRINGN ONE teen Wyte ent Ea ao an Pe SG West Lafayette. 
Hirani gel sole rnvers seep mrs. . eee eco eetadls cere cen Mics rs Lafayette. 

Ils, Wes, Ine G byes ka ai seen) mn A at a PN eo West Lafayette. 
JB, VAMGUAY VBI Fes ees cle ike teen Coenen are eee ee ee Indianapolis. 
amr MeO loskeye. 2! £255 2000. es nee dor oes Chicago, Ill. 
ee Vic ullocheart Arey tase come cine Seite cele e:- Crawfordsville. 
DSi Bis RUGCHNG Tos le ek et riearas bee eo 

idwarcdiG eNViahinerwrawitstee taser ene ews West Lafayette. 
amMesi hs Mian ChEStGlmeney: fe sey: spcyeisel nee on Minneapolis, Minn. 
Walired is Manwaring nf) 0. <6) oo cies acces: - New ork City. 


INV g Hobs 1 Wei Fel Veet on ates 3, ne aitg ene ASA ene POR trae ea Richmond 


Lo 
ho 


WalliamiBid@ardVidsom tans. nah gree nite ier eee Borden. 

Clarks Vicks Sree ere east teks tend eee te eae Indianapolis. 

A ae. Maddletonms sts Op trie £5 oY so apeeM ir, ee Sees West Lafayette. 
GrRidolphMallerso nerfed soot hen, ce eeek nL Indianapolis. 

| ewe SONY RN et geo oes CUA oie oa ie RA terns PoP Plots Indianapolis. 
Ran ie Nigore sts 2G eee ea fer Secretariat ie SiC West Lafayette. 
Gen gk Migoremn ews (ene: fers Ore ah ayy oa RTA Strays St. Louis, Mo. 
RichardyBishopmVlgone sense ea hoe ae eelere a ete: Indianapolis. 
FrerbextyVIOELisOnery ete eos. eae Mates eae eee Indianapolis. 
Branko WMowrenaeanas annals oui man. cfactte Marion. 

eran MIDIC Aeee SeeRe SE? AoA wis aa Pole oe viene Crawfordsville. 
BECO Manteno ae i sah dean w Sas CHS cele Bowling Green, Ky. 
Relies NanEeEy Clb Ut aso occ av meee ae .... Bedford. 
ROHAPIEN PE) INC White 4 onc othe Pa Pen cs hoa Has Indianapolis. 
Ae en erly strides ees oe aes Ale Mere eet: Notre Dame. 
lagtoni. Ornomeny eer Oe ee ads West Lafayette. 
(GePAP OSN GG ee eens PIE NE Fon catty boy Mee ct oe Crawfordsville. 
TOC AC OWEN 36) eee PE. Sol y  A le tod Ae Sele gafes Franklin. 
BIVELe bi VV. OW CIbhot ones ete acc See le AR cow ete uae Indianapolis. 
Hermanmtk. ickecumneniee) 22): o'r ae ccs bs bined Bloomington. 
UOMO: SMPIEREC. See et ee od) Shes SIONS rie, Wd ic Ae Richmond. 
14] 6] aed BFP 20) Ws SP es La Bees 9a SUA re Greenwood. 

oP SANERORS PA. PLOE ese Oe x, x dng Be Soa CR AS ers ak 0 Ft. Wayne. 

Woe rid: SEP ASC ITIN Ra Ree WER 0.051) 3 Ace cAI teste Ithaca, N. Y. 
Crees RPGUNCne COO AR P Msi lia cok st nccwn eid Bebe atiges Crawfordsville. 
CRA EOL Vor, BAO ake: Feces «20's whee tk eS we se Syracuse. 

LET Jen tue VNOLIRRa I BP eee Aisa. nets Sens er 

George Opens: sau eh we otha th, cae ene See Ne Lafayette. 

Jo Schramm: ..... BAS NTS TS eS ee ee ie Pe St. Louis, Mo. 
By AS SCHUM Pie et. SE ete ey eee Laurel. 

WAS ObLY spc nceere te a erates oeetee had ance ee cles Witenes Bloomington. 
Charles Wim Shane. 25 feo escola sale Se Sue Brazil. 

Brea iliery sos noite foes tarot DAVE RN a ic oe tet Indianapolis. 
OSCAR AVY AOL CVs ster: Se Stes ee tea hater ci Ae Me West Lafayette. 
Ghanlesiyloniiuaes..16 io teh ets oe Do ok DL Lafayette. 
EIR emaNGla re. hice enc ok Se eis Mc Ie once Logan, Utah. 
Essie Alma Smith Shannon. 22.2%... 5.0004.i00.04; Bloomington. 


BG Ber RI 2 uk nee kn eee tiees ein eccrine Ree Indianapolis. 


GeOMSDUtZeT oct -wichute eet 


Brenton L. Steele 
Chas. Stoltz 
J. M. Stoddard 
Milo H. Stuart 
Julius W. Sturmer 
J. C. Taylor 
Albert W. Thompson 
A. D. Thorburn 
Iro C. Trueblood (Miss) 


NVanllnemae Vie miinclereret~ a cee se ee ek 8 se See 


IL iuitel avert Cis Were is ne aes ice er nO CTE ee <8 


Mason L. Weems.......... 


Daniel T. Weir 
James EK. Weyant 
Virges Wheeler 
A. E. White 


OHM eA OOGhansirs seeuareme tty) on JOR MT 
MenberteVualtonsWoollene nasa ae eee oe 


J. F. Woolsey 
G. A. Young 
Jacob P. Young 
L. E. Young 
W. J. Young 
Lucy Youse 
W. A. Zehring 
Charles Zeleny 


Fellows, resident 
Non-resident 
Members, active 


Members, non-resident................. 


.. Lafayette. 


Pullman, Wash. 
South Bend. 


Indianapolis. 
Lafayette. 


.. Logansport. 


Owensville. 
Indianapolis. 
Greencastle. 
Osgood. 

West Lafayette. 
Indianapolis. 
Bloomington. 
Lyons. 

It. Wayne. 
Indianapolis. 
West Lafayette. 
Valparaiso. 
Indianapolis. 
Indianapolis. 
Montmorenci. 
Connersville. 
Lafayette. 
Bloomington. 
Evanston, III. 
Indianapolis. 
Indianapolis. 
Cleveland, O. 
West Lafayette. 
Huntington. 
West Lafayette. 
Washington, D. 
Terre Haute. 
West Lafayette. 
Urbana, Ill. 
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MINUTES OF THE TWENTY-SIXTH 
ANNUAL MEETING 


INDIANA ACADEMY OF SCIENCE 


CLAYPOOL HOTEL, INDIANAPOLIS, INDIANA. 


NOVEMBER 24, 25, 1910. 


The Indiana Academy of Science met at the Claypool Hotel, November 
24-25, 1910. 

The Executive Committee held its regular meeting at 8:00 p.m., No- 
vember 24. The following members were present: P. N. Evans, Presi- 
dent; C. R. Dryer, A. J. Bigney, J. S. Wright, A. W. Butler, W. S. Blatch- 
ley, George W. Benton, Robert Hessler, and W. J. Moenkhaus. 


On proposal of the treasurer, W. J. Moenkhaus, the following resolu- 
tion was adopted: 


Resolved, That all accounts of the members of the Academy be 
regarded as paid up to and including the year for which their most 
recent receipt has been issued. 

The State Library Committee, of which A. W. Butler was chairman, 
reported that the State Librarian was taking special interest in the publi- 
cations coming to the Academy. 

The general interests of the Academy were then discussed at some 
length. 

The regular session of the Academy was held at 9:00 a. m. Friday, 
November 25, Professor P. N. Evans presiding. 

The Program Committee reported their work completed as given in 
the printed program. 

The Committee on Distribution of the Proceedings reported that their 
work had been performed under the direction of the State Librarian, Dr. 
Demarchus C. Brown. 


The editor, H. L. Bruner, made the following report through the 
Secretary : 
Work performed— 


Cost of rer ular ‘edition fos oF Scie Sick Pele @ etlcisie suc oe er ye were $1,070 27 
PE OeT OTM ccs pepe ett arene tena 7 ha Be! ie aoa ous GOonais taioay Senses ee 183 55 
1 AC0) aT Ws le dee aS ie i ge ec ae tae is Car Nia a ieee ree OREN $1,253 82 

The Treasurer reported as follows: 
ALAN CO ERO TOO ee setae cies clave ee tere eter ole anvnc a (ahs tn eis or srotounie take Bote $401 22 
RECEIPES VOMINCITES LOMO rasa ns tex obi) femme mteve etree stelerelons loxelersieue eens 194 00 
ATSC eee ra Sk. eaeice? eile te terete pete one e Le Perel tote te io eres: So raictertetees $595 22 
Expenditures during 1909 as per vouchers: ..:. 5: .).6-- 2. canes peel, ahs! 
Balance. cash on hand November 25, 1910............... $323 64 


W. J. MoenKHAUS, Treasurer. 
Audited and approved. 
L. J. RETTGER, 


F. J. BREEZE. 
Auditing Committee. 


The President then appointed the standing comniittees. 

After the completion of this business, Professor P. N. Evans, as Presi- 
dent of the Academy, read nis uddress on “The Place of Research in the 
Undergraduate Schools.” Dr. Demarchus C. Brown was called upon to 
speak concerning the books that come to the Academy through his office. 
He called attention to three points: 

1. That two consignments of books had been bound, one of 118 
volumes and one of 119 volumes. 
2. That he now had 300 volumes ready for the bindery. 

3. That the list of domestic exchanges was very incomplete, and 
that there were now 114 foreign exchanges on the list. This list was 
also incomplete. 

He asked that a special committee in Indianapolis be appointed to 
quickly decide all questions relative to the publications. This work was 
referred to the Committee on State Library. 

The reading of the regular papers in general session was then 
taken up. 


After Dr. Hessler’s paper on “Plants and Man,” he presented the 
following resolution, which was adopted : 

Resolved, That the Indiana Academy of Science hereby endorses 
the establishinent of a National Department of Public Health, such as 
is advocated by the Owens bill. 

Papers were read until noon. 

At 2:00 p. m. the Academy went into business session. M. B. Thomas, 
as chairman of the Membership Committee, reported the following persons 
for membership : 

Kenneth P. Williams. 

William M. Tucker. 

Jesse J. Galloway. 

Herbert Morrison. 

Ray Bellamy. 

Charles M. Smith. 

George M. Frier. 

F. D. Fuller. 

Mary A. Fitch. 

Clayton R. Orton. 

EES Barcus: 

M. S. Markle. 

Jo, ANS 1eiekeey 

Harry M. Ibison. 

David A. Drew. 

They were elected. 

The following persons were elected fellows: 

J, diy LRiReeyAS: 

C. C. Deam. 

J. N. Hurty. 

N. E. Barnard. 

R. B. Moore. 

The Auditing Committee reported the books of the Treasurer correc. 

The Academy was then divided into the following sections for com- 
pleting the reading of the papers: 

A. Zodlogy, Geology and Geography. 

B. Botany. 

C. Mathematics, Physics, Chemistry. 
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At 8:00 p. m. the Committee on Nomination of Officers, A. W. Butler 

chairman, reported as follows: 
President—Charles R. Dryer. 
Vice-President—David W. Dennis. 
Secretary—Andrew J. Bigney. 
Assistant Secretary—E. A. Williamson. 
Press Secretary—Milo H. Stuart. 
Treasurer—W. J. Moenkhaus. 

They were elected as read. 

On motion of Stanley Coulter, it was decided that it is the sense of 
this Academy that hereafter the nomination for vice-presidents shall not 
carry with it the promotion to the office of president. 

President P. N. Evans then asked Professor Stanley Coulter to intro- 
duce the speaker of the evening, Dr. D. T. MacDougal, of the Desert Labo- 
ratory, Tucson, Arizona. 

Dr. MacDougal’s subject was “Desert Days and Desert Ways.” It 
was fully illustrated with numerous lantern slides. This lecture was one 
of great worth to every person present, and it was greatly enjoyed and 


appreciated. 
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SPRING MEETING. 


NASHVILLE, BROWN COUNTY, MAY 20-21, 1910: 


The spring meeting of the Academy was held in Brown County on the 
above date. The program, as planned, was carried out successfully and 
members who were able to attend reported a pleasant time. The Indian- 
apolis Southern Railroad gave us a special car from Indianapolis at 7:20 
Friday morning, May 20th. We arrived at Helmsburg at 8:35, where we 
were joined by members of the Academy who came from Bloomington. 
The party was met by Joshua Bond, liveryman, with two hacks, and 
without delay, some riding and some walking, set out for Waltman’s and 
Ireeman’s orchards and the Bear Wallow. A lunch of ham sandwiches 
and butterniilk was served here, and after a rest the route was followed 
down the ridge into the valley and along the road which follows Grease 
Creek, into Nashville, where we arrived at 2:45, tired but happy. We 
left Helmsburg in mud and mist, but the day gradually brightened until 
by the time we left Bear Wallow the sun was shining brightly. 

The rest of the afternoon was spent in viewing historic and inter- 
esting sights in and about Nashville. Dinner at 5:30 at Pittman’s Inn was 
followed by two hours of social chat upon the broad piazzas of this 
sanatorium. At 7:45 three additional members arrived, including Mr. 
Blatchley, who was unable to be present during the day and who was 
booked for the principal address of the evening. 

The public meeting was held in the court house at Nashville. In the 
absence of President P. N. Hyans and of Vice-President C. R. Dryer, past 
President D. W. Dennis, of Harlham, was asked to preside. Professor 
Dennis spoke of the work of the members of the Academy for the State 
and of the interest which the people should take in the Academy. He 
introduced Dr. Eigenmann, who spoke briefly on his South American 
fishing experiences. Following Dr. Eigenmann, Mr. Blatchley was intro- 
duced and gave his lecture on the “Indiana of Nature,” illustrated by many 
charts showing the geological growth of the State. This address was 


enjoyed by the audience, which comfortably filled the court room. 
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Saturday morning the party separated into groups. Some of them 
returned on the early trains, others returned at noon, and still others 
stayed until the following day, visiting Weed Patch hill and other points 
of interest. The day started out rather threatening. but it gradually 
cleared. Altogether, considering the time of year, the weather was quite 
favorable and the roads unusually good. The following members of the 


Academy were present: 


W. S. Blatchley, G. M. Frier, 
Donaldson Bodine, W. C. Goble, 

G. W. Benton, toscoe R. Hyde, 

E. R. Cumings, William A. McBeth. 
G. W. Childs, Robert W. McBride, 
Charles C. Deam. R. R. Ramsey, 
David W. Dennis, Charles Stoltz, 

Cc. H. Eigenmann, J. M. Van Hook, 
Arthur L. Foley. W. F. VanGorder, 
Ih. S. Ferry, J. S. Wright. 


GeEorGE W. Benton, Secretary. 
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PROGRAM OF THE 
TWENTY-SIXTH ANNUAL MEETING 


INDIANA ACADEMY OF SCIENCE 


CLAYPOOL HOTEL, INDIANAPOLIS, INDIANA, 


November 25, 1910. 


P. N. Evans, President. CHARLES R. Dryer, Vice-President. 
GEORGE W. BENTON, Secretary. A. J. BIGNEY, Assistant Secretary. 
W. J. MoENKHAUS, Treasurer. H. L. BRuNER, Editor. 


PROGRAM, 
Frmpay, NOVEMBER 25. 
9:00 A. M., General Meeting. 

Business. 
President’s Address. 
Plants and Man—Weeds and Disease, 20 minutes.......... Robert Hessler 
An Outline Review of Indiana Municipal Water Supplies, 

EYBIVUUIUTUG ES. re hah sre eeale aes clay susie a oroll st ue ate a arene eoap4 se eee Charles Brossman 
A New Building for the Department of Practical Mechan- 

1cSyact PurduesUniversity, 10) minutes)... 6..asc6e ones ee Mi Jd. Golden 


Features of Subterranean Drainage in the Bloomington 


Ovwradrancles SO LMIMMESs sa cpeae a isigtee mi hea ede) eon, « ae ccoasiesode sWeleede 
MH yShi- Sn Cign oS IMMUeSe oe cms e aeons as oes oeene Albert Isa. Reacan 
Notes on the Shaker Church of the Indians, 5 minutes....Albert B. Reagan 
The Wreck of the “Suthern,” 5 minutes..................Albert B. Reagan 


The Bois Fort Indian Reservation in Minnesota, 8 minutes 
Albert B. Reagan 
Conservation Problems in Indiana, 12 minutes......... Irrederick J. Breeze 
2:00 P. M., Sectional Meetings. 
ZOOLOGY, GEOLOGY AND GEOGRAPHY. 
Geology of Croy’s Creek, Clay Co., Ind., 10 minutes......... C. W. Shannon 


The Properties and Reactions of Thrombin, 10 minutes...... L. J. Rettger 
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Some Conglomerate Beds of Post Glacial Origin, 5 min- 

UUGOS est oteyeiey teu BRE reve tern as tters ceeserenniore Bina ctustonctensirnenee tase Glenn Culbertson 
The Nature and Origin of the Fish Fauna of the Plateau 

Of British Guiana, Losminwtes. o- o2)- 4.) eee .---»..C, H. Higenmann 
A Physiographic Survey of the Terre Haute Area—Re- 

Portsros Progress, LOmmMWlEss cree <i epe seep nseror Ech Ce Charles R. Dryer 
The Work Done by Normal Brook in Thirteen Years, 2 

MMIII CCS Ae sate ocho fee ee fois etermys-<iavc tons Charles R. Dryer and Melvin K. Davis 
Paleolithic, Neolithic, Copper and Iron Ages of Shelby Co., 

ery le UO MINUTES oy oc iateyece so ernteesle ce Baas poms tere tral ara s totuatey sea I. W. Gottlieb 
The Effects of Ice in Lakes Upon the Shore Lines of the 


SENT SINT Commo gnn oreo Gon oD DrCE setenefereh vet Albert B. Reagan 
AY New Beds OLVERIODITES: oy TITNULES! |. ck crete ais eo ctomtiine nee nals A. J. Bigney 
The Fauna of the Brazil Limestone. ............... Se MS aes F. C. Greene 


MATHEMATICS, PHYSICS AND CHEMISTRY. 
Inesereparanon Of Wither / >. MINWbes*o sacs es cese ere oer ske sei e/e oe INES 


The Temperature Coefficient of the Surface Tension of 


WGI: oly TNITINITOR tee. 5 ule ershcncie ore trots cle vote seueue el taeinte: oF out Arthur L. Foley 
LaPlace’s Theory of Capillarity, 10 minutes.......,....... Arthur L. Foley 
A Derivation of Poisson’s Equation, 10 minutes....... Kenneth P. Williams 


The Value at Low Temperatures of the Specific Heats of a 

WEBS cca cotala late et coreietn fuck aot BEM eie cat cise ee aes Screens Cc. M. Smith 
Gaseous Fermentation in Sweetened Condensed Milk, 40 

PUURIA NUS Los eee ce seta terete eee a aes ea lere ae abn ion epi ste, O. F. Wunziker 
Investigations Concerning the Reichert-Meiss] No. and the 

Relations of Butter Fat Constants in Butter Analysis. .George Spitzer 


A Convenient Laboratory Device, 5 minutes............. sees. Ls INelOM 


BOTANY. 
Some Anomalies in the Gametophyte of Dryopteris stipu- 
FARIS 3 VIN INILOS: oie ettalrnens oie etatkul tenetors ©. sind sasehaeteae nate aes Caroline A. Black 


The Flora of Eastern Nova Scotia, 10 minutes............Stanley Coulter 


The Weed Problem in Indiana, 10 minutes................. Stanley Coulter 
The Heteroecious Rusts with Aecia on Euphorbia.......... Mary A. Fitch 
An Example of Persistent Life, 2 minutes:................... D. A. Owen 
Indiana: Hamnet.. 5 MM bes a: © eis. ce «appear cio verw.n bea tere ets -...90. M. Van ook 


Steccherinum septentrionale (Ir.) Banker in Indiana, 10 
ATONE Stra) tet votes gee rai aCe Aicic a elsepole ners lee Howard J. Banker 
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The Water Balance of Desert Plants, 15 minutes......... D. F. MacDougal 
Disease Resistance in Varieties of Potatoes................... C. R. Orton 
The Laboratory Method of Determining the Fungicidal 
7 Value of Spraying Mixtures, 10 minutes................. L. R. Hessler 
ihey black knoor Blum) lO minutes as cic es ae esis sees elle H. L. Rees 
Additions to the Indiana Flora, 3 minutes................Charles C. Deam 
An Hecological Survey of the Lower Whitewater Gorge, 15 

TNT UEC S ets cae tena pa wllenters a! ai“an 1s. ah wares cheater M. S. Markle and L. C. Petry 
Report of Work on Corn Pollination II, 3 minutes............ M. L. Fisher 


8:00 p. m., Address, illustrated by stereopticon, by Dr. D. T. MacDougal, 
of the Desert Laboratory, Tucson, Arizona. 


[826988] 
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PRESIDENT’s ADDRESS. 


By Percy Norron EVANS. 


THE PLACE OF RESEARCH IN UNDERGRADUATE SCHOOLS. 


The aim of this Academy is the encouragement of research along sci- 
entific lines by establishing and maintaining intercourse among those en- 
gaged therein, thus stimulating them by a consciousness of companionship 
in productive intellectual activity. In a small society, embracing in its 
scope all the sciences, one does not expect in these days of specialization 
to find others engaged in just the same field of investigation as himself; 
it is through inspiration rather than information that the investigator 
profits by these meetings. 

It is now hardly necessary to emphasize, even to the non-scientific pub- 
lic, the importance of scientific research; to it mankind owes in a large 
measure not only his material prosperity, comforts, and conveniences, which 
is sufficiently obvious, but, what is even more important, his intellectual 
freedom. The changes that have taken place within the last century in 
our physical environment, with the innumerable applications of science 
to useful purposes, are no more profound than our intellectual advance 
and the growing pervasiveness of the scientific spirit in all lines of thought, 
and in the endeavor for human betterment, physcial, social and moral. 
Our increasingly extensive and effective philanthropies, our giant strides 
in sanitary administration, and the tottering barriers between the sects 
of Christendom, are very tangible evidences of the spirit that is not satis- 
fied with precedent or authority, but craves certainty as to the facts, and 
reasonable explanations for them, as well as aims at the application of all 
knowledge to the uses of man. 

The membership of this Academy happily includes scientific workers 
in many fields. Some apply the results of research to the needs of the State 
in developing its resources and protecting its citizens against the injuries 
inflicted by ignorance and fraud; others make science the servant of in- 
dustry and commerce; others, again, are active in applying it to the 
preserving and restoring of the health of our bodies. <A large part of our 
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membership, however, is made up of those whose chief occupation is 
teaching. 

While it has not always been the case, it is probably true at present 
that the most valuable contributions to human knowledge are made by 
those engaged in this profession of teaching. This is not surprising, for 
the nature of his calling demands that the teacher to be effective must 
eyer continue to be a student, and the thorough study of any subject 
reveals the limits of our knowledge in that field and tempts the man of 
active intellect to the task of extending those boundaries; there is surely 
no keener pleasure than the learning by one’s own search some truth, how- 
ever inconspicuous, not previously known. 

Not only does teaching tend to stimulate research, it also gives it 
balance by preventing the too exclusive attention to the comparatively 
barrow field under intensive cultivation; the necessity of presenting well- 
ordered information covering the broader subject, and the oral statement 
of original theories and conclusions, must have a broadening and Clari- 
fying influence on the intellectual activity of the investigator. 

As teaching is a help to research, still more is research a vitalizer of 
teaching, particularly of the teaching appropriate for graduate students ; 
indeed, the work of research is at least as important as that of instruction 
where advanced students are concerned, and the university should be a 
source of knowledge, where those desiring to devote themselves to the 
same high quest may be stimulated by the example and companionship of 
productive scholars. 

The leading European nations have apparently realized more clearly 
than we the value of scientific research, and have provided more adequate 
rewards and more favorable environment for the investigator, with the 
result that the ratio of intellectual to material prosperity is higher there 
than here. Within the past generation, however, we have become more 
awake to these matters, and have determined in our strenuous way to make 
research “hum.” The awakening has unquestionably been beneficial on 
the whole, but we have, it seems to me, failed to grasp certain fundamental 
distinctions between the needs of graduate and of undergraduate stu- 
dents; the hum of research has been allowed to drown the cries of the 
injured in many an undergraduate school, where teaching is sacrificed to 
research, and where too early specialization is encouraged and even 


forced upon the student. 
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We are not as yet in this covintry producing ott proper share of 
scholars of the first rank. The reasons for this are many, including hasty 
preparation, premature specialization, inswhcient rewards, and untavyvor- 
able environment. 

As to preparation, those of us who centemplate academic careers are 
usualiy unwilling to invest suflicient capital of time and money; we ex- 
pect to complete our scholastic education if uninterrupted at about twenty- 
five years of age and then enter upon an active career in which there is 
little time or opportunity for research or even yery serious or intensive 
study, for the sake of the immediate pecuniary reward; in Europe. 
several more years are spent in subordimate positions as investigators, on 
a semi-independent basis both scholastically and financially. The Huro- 
pean makes a larger investment and reaps a larger ultimate reward, not 
(nly in money but stili more in the censideration accorded to intellectual 
eminence. 

Concerning too early specialization and its shallow results, I shall 
speak late; let it suffice here to say that, for example, he is a poor 
chemist who is only a chemist. 

The rewards at present offered for pure scientific work in this country 
are insufficient to attract the most vigorous, capable and ambitious men: 
not only, nor chiefly, are the financial returns here less than in Europe, 
in spite of our higher cost of living, but the public respect for intellectual 
distinction is far inferior in this country, on account of our commercialism 
and our acceptance of wealth as our standard evidence of merit. 

The environment, too, is less favorable te the highest scientific work 
in that the numbers of those engaged therein are so few, and the national 
characteristic of haste rather than thoroughness peryades our activity. 
The value of real scientific attainment is still but dimly recognized by the 
industrial world; chemists are employed like clerks, without graduate 
training, and work like day laborers, but for less pay, at routine analysis, 
with neither the training nor the opportunity to attack the larger prob- 
lems in a fundamental scientific way. Such chemists are not on the same 
plane as the higher chemists in the German manufacturing industries, who 
have supervision of the works as well as the laboratories. One result. 
then, of this lack of demand for highly trained men is the small number 
pursuing research in our universities, so that even our best qualified pro- 


fessors have a mere handful of research students. and many of these can 
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be induced to continue their higher education only by fellowships sufficient 
to pay their living expenses; if such aids were discontinued the numbers 
of our graduate students would be even less favorably impressive than at 
present, though in time the larger investment of those remaining would re- 
sult in the larger salaries that would have to be paid to the men more 
difficult to find. 

The keener competition in all walks of life in Europe has some adyan- 
tages—only the thoroughly trained can hope for success, hence the desire 
for the most complete preparation. We consider ourselves fortunate in 
being protected against foreign competition, and in being able in conse- 
quence to make an equally good living with less effort; but are we really 
to be congratulated on our lower intellectual standard of living and on 
our dependence upon imported thought and intellectual products? 

Another result of the limited scale on which scientific investigation is 
being conducted, and our “high standard of living,” is that it is not worth 
while for home manufacturers to supply refined or unusual scientific ma- 
terial; if an American investigator needs, for instance, a special chemical, 
he must wait two or three months for its importation, while his Kuropean 
colleague could obtain the same in as many days or even hours. or, if 
laanufactured here, two or three times the foreign price must be paid. The 
American artisan is more highly paid than his HMuropean brother, but not 
so the more eminent intellectual worker. 

Naturally the realization of the value of intellectual things is found 
first among those engaged in the work of education, and our larger and 
better endowed colleges have within the last half century shown their 
appreciation of productive scholarship and have developed graduate schools 
to compare more favorably with the Iuropean universities, so that it is 
no longer necessary for our students to go abroad for the inspiration of 
working with men who are extending the boundaries of human knowledge. 
Once started, the fascination of research insures its continuance as long as 
a favorable environment exists. 

The institutions that have been able by their large means to adequately 
maintain graduate departments have been so amply rewarded by their 
enhanced prestige, thut many others, without sufficient means, have at- 
tempted to do the same thing; the result has been impaired undergraduate 
instruction with a more or less successful imitation of graduate work. 

A graduate school should recognize as its most important possession 


the productive scholarship of its faculty, making the institution a center 
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of new knowledge, and all other matters should be arranged with a view 
to encourage and stimulate scientific investigation. A very moderate 
amount of class instruction and other duties should be demanded of the 
members of the faculty, and students should be sufficiently mature and 
earnest to work without compulsion and with little direction under the 
guidance and inspiration of the men who are doing real original work. 

The case of the undergraduate school is fundamentally different. I 
believe that the prominence given to research in many undergraduate 
schools is a positive injury to the student; his instructors are chosen on 
account of their ability or promise as investigators instead of their quali- 
fications as teachers, and even the student himself is encouraged or forced 
to undertake so-called research with entirely inadequate training, both 
as regards breadth and depth. The undergraduate years should be em- 
ployed in acquiring a well balanced knowledge of the fundamentals of the 
student’s specialty, and an acquaintance with the elements of many allied 
subjects, together with a working grasp of such tools as modern languages, 
to make professional literature accessible at first hand, and mathematics, 
for the mental training and grasp of the quantitative and statistical treat- 
ment of all studies, and every undergraduate student should give such 
attention to history, literature and economics as to make him an intelligent 


citizen and man of culture. 


Only when this has been in a measure accomplished—and in looking 
back to our own college days we realize that a mere beginning had been 
made when we graduated—is the student in a position to profitably under- 
take research, with a proper appreciation of what he is doing and how to 
do it, so that it is really research for him and be is not merely a pair 
of hands under the direction of another’s brain. ‘The effectiveness of a 
scientific investigator is generally proportional to the thoroughness of his 
preparation; too many attempt te discover new truths before they have 
grasped those already discovered by others. 

In many institutions one of the requirements for graduation is called 
a thesis, and such a tradition is difficult to dislodge, but I think the 
name is unfortunately pretentious and is apt to mislead the student into 
thinking himself more advanced than the facts justify; it savors of the 
same spirit that induces the high school to ape the college in so many ways, 
in its pernicious fraternities and even in having a “baccalaureate” service— 


doubtless to celebrate the fact that the boys about to graduate are still 
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unmarried; such unwholesome symptoms are usually most conspicuous 
in institutions with the least merit. The preparation of an undergraduate 
thesis may be a valuable item in the course if it is not so administered as 
to waste the student’s time, narrow his mind, and swell his head. I 
believe its most valuable feature is its compelling him to go to original 
sources for information, namely, library work. Too many students gradu- 
ate without this experience and with a knowledge of books limited to the 
prescribed texts employed in the course. To choose a subject of real in- 
terest to the student and of suitably narrew scope, and to find out by 
systematic search in the scientific journals all that is known about it, and 
then to write an essay in which the information is carefully arranged and 
well presented, is a task well worth the performance. 

It is entirely laudable for every institution to aim at ever higher 
goals; not, however, by raising the entrance requirements beyond the reach 
of its natural constituents to meet, even at the dictation of some self- 
appointed board demanding uniformity under diverse conditions, and not by 


changing the object of its training 


there would not be any necessary gain 
to the community at large should a school of pharmacy gradually become 
a theological seminary or even a medical college; a school of pharmacy 
is just as necessary as either of the others. 

It is perfectly natural for any teacher or group of teachers to aspire 
to more advanced grades of work. but this should not be undertaken 
unless the more elementary and fundamental work is adequately cared for. 
We are suffering from too much ambition of this kind; too many trade 
schools attempt to be technical colleges. and too many colleges attempt to 
be universities, at the expense of their efficiency in their original equally 
important field. Let us imagine that every grade school gradually intro- 
duced more and more work of the high school, and that every high school 
gradually became a college, and that every college gave more and more of 
its energies to graduate students! Or let us imagine that every institution 
giving grammar school instruction attempted also to provide training 
through the high school, college and university curriculum! What a ridicu- 
lous and inefficient educational system must result. Roughly speaking, for 
every thousand grade schools we need about a hundred high schools, ten 
colleges and technical schools, and one graduate university. 

Fortunately there is a supervision that prevents the transformation of 


grade schoois into high schoels, and separates the work of the two as soon 
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as numbers of pupils justify the step; it is a pity that there is no authority 
with power to insure similar efficiency on the part of undergraduate and 
graduate colleges and universities. 

We are failing to appreciate the distinction between undergraduate 
and graduate work. In most ways there is little more in common between 
these than between that of the high school and of the college, and the uni- 
versity is injured in the attempt to make it a small part of a large college. 
Efforts have been made in this country to have universities unhampered 
by undergraduate departments; unfortunately, however, the country has 
declared itself not yet ready for such a logical and much to be desired 
arrangement. ‘ 

The chief function of the undergraduate school is to give instruction 
in such a way as to insure mental development. For those few who are 
to proceed to graduate work, the soundness, breadth and depth of the 
foundation will largely determine the safety and usefulness of the super- 
structure of specialization to be erected later. The first qualification for 
membership in the teaching staff of an undergraduate school should be 
teaching ability together with a thorough knowledge of the subject to be 
taught. 

This teaching ability is largely a natural gift, and if of a high order 
is not common. Let us recognize it, use it, and reward it as an asset of the 
highest value. It can not be created by the study of pedagogy any more 
than logical thinking by the study of logic; it is founded on the intuition 
of sympathy. Teaching is the keenest pleasure to some, the hardest 
drudgery to others; the student readily distinguishes the two. I would 
not, however, imply that even the best teacher can work effectively with the 
undergraduate who struggles to escape education or who is unwilling to 
miake any effort for it because his interests are non-intellectual; such stu- 
dents have no proper piace in an institution of higher learning, and we 
expend too large a part of our energy in forcing such material through to 
graduation. The fashionableness of going to college is by no means an 
unmixed biessing. Why does not some enterprising individual start a 
college with luxurious dormitories and means of recreation and dissipa- 
tion, where work shall be optional and house parties continuous? Hnor- 
mous fees could be charged, professional athletes employed, a suitable de- 
gree conferred after four years, and the working colleges protected from 


young men not desiring education ? 
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Though the chief function of an undergraduate institution is instrue- 
tion, and its faculty should be chosen with this in view, every such teacher, 
to attain his highest efficiency, should engage in some kind of research, that 
is, getting new information at first hand. This can not fail to have a vital- 
izing effect on his teaching, keeping clear the distinction between fact and 
theory, and maintaining his instruction abreast of the times. 

There is widespread questioning of the value of much that is published 
as scientific research, and it is easy to criticize the spirit that piles up 
undigested data or adds to the number of chemical compounds for the 
sake of having something to publish; it is impossible to say, however, that 
any such information is and will continue to be valueless. I am less inter- 
ested in discrediting such work because it now receives higher recognition 
from the undiscriminating in the educational world than it deserves, than 
in asking for recognition for a kind of labor, just as truly research, that 
now receives too scant credit from the public and from those responsible 
for the distribution of rewards to college teachers. I refer to what may be 
called pedagogical research—the labor involved in improving and constantly 
rejuvenating the instructional work. Any course that remains unchanged 
for many years is probably in need of repairs, but desirable changes usually 
involve much labor on the part of the instructor. The teacher whose heart 
is in his teaching and who carries the usual overload of duties is likely 
to be kept busy ac just such work, and have no time left for the more con- 
ventional kinds of research; but his students will profit by his labors. The 
administrative officer who directly or indirectly puts pressure upon a 
college teacher to neglect bis teaching is seriously injuring the college; yet 
this is by no means nncommon, intentionally or otherwise. 

Research, of whatever kind, is largely a matter of inspiration, and can 
not be forced; as profitably might a poet be urged to become a painter as 
a scholar be pressed to undertake investigations foreign to his inspiration. 
Left to himsel’ the investigator will do what he is most interested in and 
therefore likely to do most fruitfully; to attempt to force a teacher whose 
instincts are for pedagogical research to other kinds of investigation is 
likely to spoil a good teacher and make a mediocre investigator. The 
method of forcing commonly practiced is the indirect but very effectual one 
of recognition of published research by promotion and increased remunera- 
tion, while devotion to teaching and pedagogical research receive no such 


rewards. 
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Let us recall our own undergraduate experiences. Did we not in many 
cases get most stimulation and make most progress under teachers unknown 
in the professional journals? It is to be expected, indeed, that the teacher 
whose chief pride and interest are in his teaching, and whose chief reward 
is the advancement of his students, should be of more real value to those 
students, than the investigator whose hours of reflection are devoted to the 
problems of his research, and to whom the instruction of classes is inci- 
dental if not, as in many cases, an unwelcome interruption. Gifts of an 
equally high order for instruction and for investigation are not usually 
found in the same individual; let each give his main effort to what he 
can do best; let the investigator work with mature students and the teacher 
with the immature, and let the distributors of rewards make no invidious 
distinctions in the recognition of the two equally necessary and meritorious 
services. 

While it is eminently desirable that a teacher should be also an in- 
vestigator, in every faculty, some members have more pronounced ability 
than others in this direction, and it is proper that such should receive 
special consideration as to other demands upon their time and attention 
in order to enhance their productiveness by favorable conditions. To the 
others, whose bent is less marked in the direction of research, should be 
assigned the duties of administration and the committee work, with, if 
necessary, the high school commencement addresses. Neither should the 
more general business of the college be regarded as of any less value or 
importance than research, or less worthy of reward. To be sure it has not 
the same advertising value, but an institution of learning should be above 
adopting the motto “quick returns and small profits.” The most enduring 
good accrues to the students, and therefore to the college, from inspired 
teaching and wise and careful administration. 

It is the part of wisdom to provide as favorable conditions as circum- 
stances will permit fer the encouragement of research. 

Several factors more or less obvious enter into this favorable environ- 
ment and influence the productiveness of the investigator, but the real deter- 
mining factor is in the man himself; he must have ideas, enthusiasm, and 
industry; he may even be a crank; he must have an accurate memory to 
retain the results of extensive reading, and as much as any one can profil 
by good health, to withstand the strain of concentrated and continuous 


effort; he must be absolutely honest with himself and the professional 
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world. If he has the necessary qualities it is very unfortunate if his cir- 
cumstances do not permit their most fruitful activity; if he has not, let him 
serve his institution in other ways for which he is better fitted—ways of 
equal importance. Few men can spend several hours daily with classes, 
‘several more in administrative work, one or two more in committees, and 
have any vitality left either for research or professional growth. 

The greatest need of most successful college teachers is more time to 
think. The evil effects of the prevalent rush become apparent only very 
‘slowly—in the course of years—in a gradually failing effectiveness for lack 
of mental nourishment. No ome can use a few minutes now and then, 
snatched from the mere urgent duties of the moment, to do or even think 
real research; ideas do not come on demand, interruptions are often fatal 
to inspiration, experimental work often must be continuous to lead to 
results; investigation that is worth while is not a routine operation to be 
started and stopped by a gong; there must be mental growth as a back- 
eround. It would probably be economical in the long run if the real 
teacher-investigator could be assured of uninterrupted privacy for half of 
every day. 

In addition to time for thought, reading, experimentation and writing. 
the teacher of science needs space and material equipment. There is a 
temptation to spend money most freely in ways that lead to the most tan- 
gible results, and would-be benefactors may cause serious embarrassment 
by providing buildings without equipment or endowment; blessed be the 
liberal contributors to the “general fund,’ meaning equipment and, most 
important of all, competent men. ; 

In the providing of suitable buildings with limited means, circumstances 
must decide how much can be devoted to what may be called luxuries and 
quality as against necessities and quantity; it is certainly desirable to have 
buildings as beautiful as possible, but not at the expense of adequate size 
and equipment. 

300ks are too often a crying need; they cost so much and they show so 
little: and yet without them research is impossible. ‘The most serious lack 
is usually that of complete files of the scientific journals, which can never 
be purchased on a non-accumulating allowance of a hundred dollars a year. 
The value of the library habit te the student can hardly be overestimated, 
but to develop this plenty of books and an attractive place for reading them 


are almost indispensable. low welcome to the business manager of many 
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a college in straitened circumstances would be the professor who “did not 
read books but wrote them.” 

Turning now to the guestion of assistance, from the purely business 
standpoint a man should not be required to do what a cheaper man can 
do as well; the problem, however, is by no means solved by so stating it. 
The profitable use of assistants is a far from simple matter; their duties 
should be so assigned and supervised that their time may be spent to the 
advantage of the department and also to their own obvious profit. The 
men available have usually recently graduated and should realize that the 
salary is not the chief reward for their services, but that the time spent 
as an assistant in a well conducted department is valuable as a period of 
education and necessarily precedes any more advanced position in the col- 
lege or university world, The assistant should welcome all such experience, 
even if some drudgery is included, as give him an insight into the teaching 
of his subject and the management of departmental business, such as the 
handling and ordering of supplies, the administration of classes, and the 
keeping of systematic records. To really review and extend his knowledge 
of the fundamentals of his subject so as to meet the needs of students en- 
titled to his help is no slight task, but the assistant should use his utmost 
efforts towards progress in more advanced study and in research if his 
preparation is adequate. The assistant who shows the right qualities will 
not long fail to receive recognition and promotion; in the teacher’s pro- 
fession “everything comes to him as can wait” as far as he has the qualifi- 
eations. Given the natural ability, industry and personality, thorough prep- 
aration will compel success; an assistant’s position in a large and efficient 
department in association with successful men is better preparation for 
ultimate success in college or university work than the better paid positions 
in high schools open to men of equal training. 

Those having charge of assistants should see to it that there is oppor- 
tunity and encouragement for proper growth. It is through such assist- 
ants that the older teachers may hope to accomplish research, in doing 
which both are equally benefited. It is, however, something of a deception 
to. call such assistants’ positions “fellowships” if the duties of the depart- 
ment occupy any considerable part of the time. 

It is certainly desirable that the more experienced teacher should 
delegate to assistants such of his work as can be properly done by them; 


it is very undesirable that he should cease to have direct and constant con- 
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tact with the work of students; the direction and development of courses 
should remain actually in his hands and the work of assistants be under 
eonstant scrutiny. When it becomes impossible for a course to continue 
actually under the direct management of a senior instructor it should be 
placed in charge of a qualified associate whose responsibility wiil be the 
incentive for his best work; the plan followed in some universities of 
having courses nominally in the hands of those for whom it is impossible 
to actually direct the work, which is really done by junior men, is essen- 
tially unfair to the latter in withholding from them the credit to which 
they are entitled, not conducive to the best results in that it fails to provide 
the incentive for devoted effort on the part of those actually planning and 
administering the work, and an imposition on the college and the public, 
who believe the courses to be really administered by the more widely known 
teacher. Many a student has been disappointed in finding that he has little 
or no contact with the man advertised as having the work in charge. 

In growing institutions it is the usual experience of the teacher that 
other duties encroach more and more upon his instruction and research, the 
latter beivg first sacrificed. Some of these are indispensable, such as the 
keeping of accurate records of students’ work, and as institution and de- 
partment grow there is some unavoidable increase in the machinery for 
handling students; the red tape and machinery should be recognized as a 
necessary evil—a means not un end—and kept ut a minimum; if the choice 
were imposed between good teaching with no records and good records 
with no teaching, the election would be simple. There may be a conflict of 
opinion on this subject, however, between the engineer of the beautiful 
machine and the poor laborer whose energies are consumed in feeding it 
with reports. I believe that we devote too large a part of our attention to 
the lazy and incompetent, to the detriment of the more energetic and able 
students on account of the struggle for the prestige accorded to numbers, 
which we may also charge with the use of colleges as lounging places for 
the sport ond the intellectual dead-beat. It is surely unfortunate if a 
teacher has to spend his time in keeping elaborate records of and forcing 
the loafers instead of stimulating and satisfying the gifted. 

The question of salary has an intimate bearing upon the efficiency of 
college teachers, and it is generally admitted that they are underpaid. The 
cost of living varies so widely in different college towns that a salary 
adequate in one would be entirely insufficient in another, so that it is 
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impossible to name a suitable figure. As a general principle, however, it 
may be accepted that the remuneration should be enough to attract men of 
energy and ability and make possible their best work. It is not desirable that 
teachers should vie with the commercial classes in display or in expensive 
amusements, and men of intellectual strength would not wish to; it is 
proper that they should receive enough to permit comfort without anxiety, 
membership in scientific societies and the attendance upon their meetings, 
books and other professional tools, and also travel, society, and the enjoy- 
ment of music and art, for the sake of their own broad development and 
consequent influence in society as well as with their students. The man 
who never sees anything but his home and his place of business is certain 
to be narrow. Many young men ruin their professional prospects by mar- 
rying on a very small income even before their education is complete; it is 
no evidence of a lack of sentiment for a man to postpone marriage until he 
is in a position to properly maintain a family. Further, it is surely the 
cause or the result of a second rate qualification as a college teacher to 
attempt to carry on another business with no bearing upon his profes- 
sional pursuits for the sake of the increased income. Scarcely less valu- 
able is the semi-professional routine of tutoring, commercial analysis, and 
even the preparation of uninspired text-books, for the same reason. These 
things do not give the best preparation for and naturally do not lead to the 
highest university positions, though they do bring immediate financial 
reward; better far devote the time to some research if there is any in the 
teacher, and qualify for advancement in the college or university world. In 
education as in business, both the teacher and the institution may expect 
to get what has been paid for; if the teacher gives less than his best 
efforts he may look for less than a full reward, and the institution that 
seeks bargains in teachers will probably get something cheap—and nasty ; 
if first rate results are to be achieved the price of first rate ability must be 
paid, allowing for a long and expensive preparation. 

The bearing of this upon the question of research is evident; to culti- 
vate the vitality of the intellect it must be free—free from anxieties as to 
the necessities of life, free to proceed in broad and deep channels, with all 
the incentives of intercourse with things intellectual and asthetic. 

The story is told of a college teacher who was conspicuous at prayer 
meetings, that it was his custom in closing a lengthy petition covering a 
large amount of detail to say, ‘And now, O Lord, to recapitulate,” and so on. 
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Permit me, then, in conclusion to summarize the points I have tried to 
present. In undergraduate schools research has a very important place as a 
stimulator and vitalizer of the teaching; it is, however, a secondary calling 
and should not be allowed to interfere with the main function of the 
teacher, namely instruction. The selection of men for such positions should 
be based primarily on their qualifications as teachers, and research should 
not be undertaken until a broad and deep foundation has been laid. The 
value of research, however, makes it most important that men capable of 
doing it should be helped in their efforts by the most favorable environ- 


ment possible. 
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Puants anp Man: WEEDS AND DISEASES. 


By Rosert HESSLER. 


Indiana may be divided topographically into three parts—the southern 
hilly, the central rolling, and the northern part flat and wet. With the 
exception of the northwest, the whole State was originally densely covered 
with forests. The wet lands are being drained more and more and the land 
brought under cultivation. ‘The soil is rich and produces heavy crops. It is 
surprising to learn that along the Kankakee first year crops require prac- 
tically no cultivation, because there are no weeds. The next year a few 
come in; many are found by the third year, and after that farming becomes 
mainly a contest against weeds. 

Bringing the land, whether densely forested or marshy prairie, into 
cultivation means displacing the native flora by foreign plants. These 
latter are of two kinds—those brought in purposely, cultivated plants of all 
kinds, and those brought in unintentionally, mainly weeds. Today most of 
our worst weeds are foreigners that have come from all parts of the world. 
especially from Europe, where for ages weeds have been fought and where 
certain ones have developed resisting qualities. Weeds are introduced in 
imported seed and also largely in hay and straw, used in crating. In waste 
places about cities where trash is thrown one may expect to find “new 
weeds.” Some are also brought in by the railroads, the seed lodging on 
ears and falling off. Some are brought down by rivers. 

When man cuts down the forests, plows the prairies and drains the 
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marshes, he is disturbing the “balance of nature,” and animals and plants 
move about to find new, suitable homes. Animals, of course, move about 
very freely ; if their homes are destroyed they seek new ones; every botanist 
knows that plants do the same. That is, seed is carried about and germi- 
mates here and there; if conditions are favorable the plant may thrive, 
become re-established. If conditions are unfavorable it may perish very 
quickly, or it may persist for a year or two. Thus at present some of our 
native plants may be seen in localities where they had not been seen the 
year before or where they had not been seen for many years. I have a 
number of notes of such “moving about” plants. 
[426988 ] 
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When the old style rail fences were still common, many plants found a 
home along them; they perished under wire fence conditions. Some species 
may flourish for several years in wet meadows until a dry season destroys 
them. On the other hand, dry soil plants may flourish until a wet season 
drowns them out. Some’ will grow in ungrazed pastures. A number of 
other factors might be mentioned, but it will perhaps be seen from the 
above why some plants are constantly on the move. Some people, like 
plants and animals, are also constantly on the move. We need only think of 
the frontiersman who feels crowded when a neighbot' nioves within a mile 
of him. But this type bas almost disappeared. 

For a number of years I have been going along the railways and rivers 
looking for new arrivals. It is surprising to note the number of new weeds 
that have come in and are still coming. The railways in many respects 
furnish ideal situations. Here and there the right of way is level, alternat- 
ing with steep, dry and gravelly embankments and wet ditches, occasionally 
there is a little pond; all these furnish a variety of habitats for different 
species. One destructive factor, however, must be considered—the annual 
weed cutting, as required by law. ‘This means that many plants cannot 
thrive; they are cut off about seed time. (By the way, in my observations 
the railways alone observe the State weed cutting laws; it is practically 
neglected by road supervisors.) In the Proceedings (Academy of Science) 
for 1893 I published a list of thirty-five immigrants, of which at least half 
a dozen subsequently became common weeds, to be found throughout the 
county. 

When [ made a tovr through the West, in 1905, I was surprised to note 
how free the Yellowstone Park is from eur common weeds; I saw only one 
or two; evidently they are just beginning to come in. On the other hand, 
in traveling through the West, | saw a number of plants that I had pre- 
viously found as adventive plants along tlhe railways here at home. I felt 
like greeting them as old acquaintances. I saw many plants that I felt 
sure would come to Indiana in the course of time; in fact, as those who 
keep track of plants well know, new ones are appearing from year to year. 

One year at Longcliff (the Northern Indiana Hospital for Insane) we 
had a large field of Crimson Clover, the seed having been obtained from a 
seedsman. In passing it one day [ noticed a number of strange weeds and 
I at once came to the conclusion that this Crimson Clover had been im- 
ported from Europe. A few years later, while in Germany, I saw these 
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same weeds in fields, and I then concluded that that seed had been im- 
ported from Germany. Moreover, while traveling through different coun- 
tries in Europe I saw a number of weeds that I instantly recognized, 
because I had seen them at home as immigrants. There were many that I 
expected would come to Indiana in time—and they are coming; new ones 
appear every year. This summer, for instance, I found a little composite 
plant (Galinsoga parviflora)—it has no common name—about Longceliff. I 
had seen the plant about Berlin; the German botanies stated that it had 
been introduced from western South America. I have been wondering 
whether the plants at Longeliff had come from Germany or direct from 


western South America. It would be interesting to know the facts. 

Several years ago I had as a patient an old farmer who came to an 
adjoining county when the country was first setiled. He gave me many 
facts regarding early conditions; how the dense forest had to be cut down 
and clearings made; how the small truck patch required very little atten- 
tion because there were no weeds, but in time weeds gradually came in 
and then the farmer had to fight weeds just as now in the Kankakee region. 
He also told of the coming in of pests and parasites of all kinds, including 
vats and mice, lice on animals, and blights and rusts on plants. He remem- 
bered when the peach blight first came, proving very destructive to peach 
trees. Unfortunately [ kept no record of dates. i have often regretted 
that I did not make memoranda because these are matters for which we 
must rely more and more on what is already recorded in the books. 

I live on a four-acre lot at the edge of town. In front of the house 
there is the lawn; in the rear along the river there is pasture; on one side 
there is the garden and on the other the orchard. ‘Then there is the barn 
lot and also a neglected bit of land. (There are also two little plots, one for 
wild flowers and another for plants grown from seed brought from foreign 
countries.) There is a variety of habitats for plants and it is interesting to 
note how some flourish in one situation and some in another. The move- 
ment of plants is, of course, constantly interfered with by cultivation and 
weeding, notably in the garden and on the lawn. Some weeds are very 
resistent; in the barn lot, in spite of one or two cuttings every year, the 
Jimson weed and the Spiny Amaranth continue to grow; every year there 
are two or three plants. In the pasture again there is a small patch of 
Canada Thistles. This plot has been cut down and plants hoed down two 
or three times every year for the past eight years, and still the thistles 
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are able to maintain themselves. The garden, of course, requires constant 
weeding. Practically all the weeds on the place are foreigners. 

I just referred to a neglected bit of land, to an idle plot of ground. 
This at first, eight years ago, was covered with Blue grass and grazed. 
The number of plants that have come in since is something remarkable. 
Equally remarkable is the absence of common weeds; they seem not to get 
“1 start in the dense covering of Blue grass. Barnlot weeds are never found 
in that patch, nor some of the common garden weeds. Among the plants 
to appear were a number of trees and shrubs. Unfortunately, three years 
ago, a cow got in and many of the plants were killed off, but the way the 
shrubby and woody plants spring up would indicate that in a short time 
there will be a forest and light-loving plants will be wholly crowded out. 

It is interesting to note how in the South, old exhausted cotton land 
when left to nature grows up in pine forests, Old Field Pine, but the wood 
bas so little substance that a tree, when cut, will wholly fade away in the 
course of a year. It certainly takes a long time for exhausted soil to regain 
its strength and for trees worth while to again get a foothold. 

Besides tramping along railways in search of new arrivals, I fre- 
quently take strolls about neglected parts of the city to see whether any new 
weeds have come in and what changes have taken place among those 
wlready present. One day last summer I started out from the heart of the 
city where there is no yegetation, no grass and no trees, because streets 
and sidewalks are everywhere paved. I went along one of the neglected 
streets which is either deep in dust or in mud. This street has practically 
no trees at all. Along the gutters were found growing a number of weeds, 
practically all foreign ones, that seem able to resist the dense clouds of 
dust that are deposited on them. The plants are white with dust, or 
rather grayish, almost resembling desert plants. I passed several waste 
lots covered with weeds, nearly all of European origin. I finally reached 
Shanty Town, where weeds flourish among the human habitations. The 
people themselves, like the weeds, were of the neglected kind. A little 
farther on I came to the railway shop, with its large roundhouse, where 
an immense amount of dense black smoke arises. Now, since our preyail- 
ing winds are from the southwest and west, the smoke, of course, blows off 
in the opposite direction. I was surprised to see that all the trees to the 
east in line with the smoke were dead, a number of dead trunks were still 


standing. When I first came here, fourteen years ago, there were a num- 


ber of trees in that neighborhood. The black smoke killed them off. I was 
reminded of the hills about Pittsburg, which, as some of you may have seen, 
are denuded of trees on account of the smoke. The same thing is seen 
about some of the western smelters, where vegetation may be killed for 
niles, and poisonous deposits, especially of arsenic and copper, cover vegetia- 
tion for a still greater area. 

From the roundhouse I walked along the Wabash river, still looking 
for plants. The river is shallow and has a limestone bottom. Once or 
twice a year there is high water and that means to wash out everything 
loose before it. Seed brought down may lodge along the banks, especially 
at the flood lines, and every now and then new plants may be found. Some 
lay grow hear the water, but the next flood is very apt to wash them out. 
There are no gravel banks and some plants characteristic of other places 
are absent, as, for instance, plants found along the White Water river, 
where I used to collect, such as Saponaria officinalis, Polanisia grayeolens 
and Cuphea viscosissima. The former, however, is to be seen more and 
more frequently above high water mark; the second, Polanisia grayveolens, 
is occasionally seen; but I have not seen Cuphea at all.. 

Leaving the river I went west along the Wabash railway. This at 
first runs on a high fill with gravelly sides, later becoming level and prairie- 
like. Here in the course of time I have found a number of adventive 
plants, both European weeds and western species, the latter as a rule lasting 
only a season or two and then disappearing. Lower down I crossed the 
river on the railway bridge and followed up the Vandalia track northward. 
This runs over a deep fill. At one place the steep embankment was coy- 
ered with cinders. I was immediately reminded of the cinder and lava 
slopes of Vesuvius. I was not at all surprised to see only a single plant 
srowing among the cinders, the sheep sorrel. At once my trip up the 
Vesuvius came vividly to mind. I had zone up on borseback with tliee 
companions and a guide. At first we passed through towns and highly 
cultivated fields, bub we gradually left these behind and came to a desert 
region of black cinders and lava, going upward all the time. Finally al! 
vegetation disappeared, the last plant to disappear being sheep sor- 
rel. On the descent IT made a collection of plants, beginning with the 
first one to re-appear, Rumex'. Next came a shrubby Spartium. Gradually 

1 Whether the species is acetosella or scutatus I do not know. My Italian 


botany, moreover, speaks of a variety under the last species that grows among yol- 
eanic scorie. 
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other plants appeared, including a wild fig. Still further down came a 
small patch (one cannot say a field) of Lupines; probably that is the only 
cultivated plant that is able to thrive in the cinders. Next came a small 
vineyard and the cottage of a family. These people, like the plants on the 
slopes of the volcano, are in constant danger of being overwhelmed. Small 
plants are, of course, in danger on account of clouds of cinder dust, the 
wind at times being terrific. 

All this came to mind vividly while standing at the cinder covered 
railway embankment. Then I mentally retraced my steps down to the 
river and to the plants that lead a precarious existence and are constantly 
threatened by high water. Then I thought of the people who live on the 
river front and especially on the little island, who, once or twice a year, 
are in danger of floods. Occasionally some must be rescued in boats. 
These, too, are reckless; prudent people likely would not be found under 
such surroundings. We all know how large cities with a river front are 
infested by a class of people known as “river rats,’ a highly undesirable 
class; human weeds, so to speak. When botanizing, we are frequently 
asked, What is the plant good for? One may also ask, What are weeds good 
for? Shall we also ask, What are some human weeds good for? 

Continuing, I retraced my steps to the railway shops and the smoke. I 
recalled the sad-eyed women and sickly-looking children who exist in that 
atmosphere. The men, of course, are employed in the shops and I won- 
dered how long they are able to hold out. It is well known that the city 
“takes it out’ of strong and robust men—-they soon fail. Large industrial 
cities have little use for a man after the age of about forty or forty-five. 
Now I knew that smoky air about the shops killed the trees and that only a 
few weeds were able to grow, and I wondered how long human life itself is 
able to endure under such conditions. Trees being fixed to the soil, live and 
die in situ; human beings are not fixed to the soil and so when they fall 
sick they generally remove to another neighborhood. If they are unable, 
ohn account of sickness, to pay the house rent, they are evicted and others 
move in. People remeving from an unsanitary environment may regain 
health and perhaps again become seli-supporting, but only too often they 
continue to fail and many die prematurely and the children become public 
charges. Who is to be blamed for premature deaths? 

[ further retraced my steps to Shanty Town. I recalled how the news- 
papers had frequent accounts of the prevalence of typhoid fever in that 
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section, how shallow wells were infected. The water from the wells is used 
pecause it is clear. People prefer clear, sparkling water to muddy hydrant 
water, although the sparkling water may be veritable pcison. Where does 
the blame for typhoid fever rest? 

Still retracing my steps, I came to the neglected street with its weeds 
and with its corresponding class of people, going on to the heart of the city, 
with its lack of trees and full of sickly people. Then I compared or con- 
trasted the West End of town with the Hast End. The West End is the 
home of working people, while the Hast Ind is occupied mostly by trades- 
men and the well-to-do. Now our prevalent winds, as already mentioned, 
are from the west, and that means that the people in the West End get air 
from the woods and fields, while those in the East End get the smoke and 
dust from the shops and from the heart of the city. This may explain why 
the East End Wind has such an evil reputation, and why towns having the 
“West End” properly located are more desirable as places of residence. 
These remarks will be better understood when we consider that people, like 
herbaceous plants, but unlike trees, are mere or less constantly moving 
about. Some plants come and zo, they are seen one year and then dis- 
appear, perhaps to re-appear iater; those finding the habitat favorable may 
remain permanently. Common weeds find conditions favorable almost any- 
where and flourish, especially in neglected places. Shall we say that human 
weeds also thrive almost anywhere, and shall we say that people who are 
well-to-do and able to move do move out if they find that the “West End” 
has not been properly located? 

The subject may be considered a iittle further. Several years ago a 
patient with whom I had often discussed things like the above told me about 
meeting an old friend who had just returned from the Saskatchewan. The 
man gave a glowing account of the large crops of wheat, and the large 
potatoes, beets and turnips, all growing without weeds; he told how healthy 
the people were, they did not even have the common ailments; he ascribed 
it all to the “wonderful climate.” Climate nothing! my friend exclaimed ; 
weeds and ills and diseases are absent because they have not as yet been 
brought in. They will all come in time; just wait a few years. 

I might again refer to my old patient who had told me of early Indi- 
ana conditions and the coming in of weeds and pests and parasites of all 
kinds. He had also told me how healthy the first settlers were until 


malaria came in; then nearly everybody became sick. Life now assumed a 
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serious aspect and there was much sickness until wet places were drained 
and chills and fever, that is malaria, became less and less prevalent; today 
malaria is a comparatively rare disease. At first, too, all the minor ills 
were absent. People did not even suffer from cough and colds. He told 
me how he used to go barefoot until the ground was covered with ice and 
snow and how he could wade through water that was cold enough to form 
ice and never “catch a cold”. But he noticed that in time ailments and 
disenses came in. He referred to some affections as “new-fangled dis- 
eases”. 

When I called his attention to the analogy between weeds and diseases 
he readily understood. Before this was pointed out to him, however, he had 
expressed his belief that the race was degenerating. Referring to his long- 
lived family with many brothers and sisters, he said that all lived to old 
age, he himself being now in the eighties. He made the contrast between 
himself and his grandchildren, especially those living in the large city; he 
regarded them as “weaklings”, requiring the attention of the physician more 
or less constantly. After I had pointed out the analogy between plants and 
man and weeds and diseases, he readily saw that his grandchildren were 
“weaklings” because they were living under an entirely different, an unsan- 
itary, environment. ‘The original Indiana inhabitants, the Indians, were 
healthy simply because not exposed to the cause of ill health and disease. 
People who are housed up in town are living hosts for the propagation of 
diseases, just as plants in hot-houses, which require constant attention te 
keep down diseases. 

Moreover, the man himself was a living illustration of these changes, 
for he came to me on account of his own ill health, which he thought his 
home physician did not understand. He said the common country doctor is 
good enough for common country diseases, but “these here new-fangled dis- 
enuses need men who have studied more’. He referred to his own ill health 
as a “new-fangled disease’, while as a matter of fact it was a very common 
ailment, one of the “diseases of civilization,’ nothing more than common 
eatarrh. One did not have to seek far for the cause of his complaint. 
Until a year ago he always lived on the farm, very seldom coming to town ; 
then he rented out his farm and removed to a small town, and now occupied 
a seat on the cracker barrel. that is. he spent much time loafing at the 
village store. Some of these stores are so dirty that they have required 


repeated notices from the State Food Inspector. Air conditions are espe- 
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cially bad. In a short time he began to react. He had catarrh and cough. 
On account of his cough he was inclined to be in the open air less and less 
and to house himself more and more, the very things he ought not to do. 
When I pointed out these things he promptly changed his mode of life and 
the reaction ceased. He was again “healthy”. 

It is undoubtedly true that all now common weeds and pests and para- 
sites and diseases were restricted at one time to certain localities, from 
whence they have spread until they have become cosmopolitan. There are 
many data regarding first appearances. In our annual Proceedings, for 
instance, are a number of records for the first appearance of new plants 
and new animels, new in the sense of not having been found here before. 
The appearance of new diseases in the State is of course recorded in the 
medical journals, but imperfectly. The subject of the coming in of new 
pests and parasites and diseases is an important one and cannot be dis- 
missed with a few brief paragraphs. I should like to give at least one 
illust ‘ation relating to the common potato. 

The potato ‘was cartied from South America to Europe about the 
middle of the sixteenth century, and subsequently brought to our country, 
and now goes under the name of the Irish potato. Those of middle age can 
recall how, until in the seventies, the Colorado potato beetle was never seen 
in our potato fields. How this beetle came to us is an interesting story. 

On the dry western plains there grows a species of spiny Solanum 
(S. rostratum), a near relative of the potato (S. tuberosum). This plant 
has a parasite, the beetle now commonly known as the potato bug. The 
plant grows very sparingly and that means that the beetle also occurs 
sparingly. A little reasoning will show why. If the bugs became abun- 
dant and would completely consume their food plant then they themselves 
would perish for want of food. On the desert the plants are far apart and 
many escape the attacks of the bugs and ripen seed, or if a single bug 
reaches a plant it will not injure it enough to destroy it. 

Now when the common potato began its westward march it gradually 
reached the home of this beetle. The beetle found the new species more 
acceptable than the old and, since plants were close together, life conditions 
became easy and the potato beetle, now called the potato bug, at once in- 
creased enormously and traveled from one field to another, and in a short 
time overran the whole United States. I was surprised when in Germany 


to see the potato fields free from the potato bugs; authorities there are on 
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the lookout; they are keeping it out as our own authorities at present are 
keeping out cholera, the plague, yellow fever, etc. It need scarcely be said 
that between the potato plant ard the potato bug there exists the relation- 
ship of host and disease. The potato bug in its destrucive action on the 
plant may be considered the disease; it will destroy the plant just as the 
potato-rot destroys it. Before the cause of the potato-rot was recognized 
it was looked upon as a visitation, just as many of the human diseases 
were looked upon. 

This fall the newspapers contained an occasional item regarding the 
spread of the potato-rot or potato disease. Just now the disease seems to 
be prevalent in some parts of Europe, destroying outright large potato fields 
in the course of a few days. Such an epidemic is a great calamity; it has 
been such in times past. It seems to be only a matter of time until the 
disease will reach our State. This disease seems to be at home originally in 
South America on the wild plants, but plants were few and far apart. 
When the potato is grown in masses this fungus disease naturally spreads 
very rapidly from one plant to another and fromone field to another. 

But it was noticed that after an epidemic a few plants survived. By 
taking these survivors and cultivating them a more and more resistant 
strain has been produced. One can thus speak of disease proof potatoes, 
just as we can speak of disease proof individuals, for instance, the negroes 
on the west const of Africa, who are constantly exposed to malaria and are 
quite immune. 

In the life of every individual there are periods that stand out. We 
need only think of such statements as “Before I went to college”, or 
“Before I got married’. Similar periods or landmarks stand out in the 
life of a community, as “Before we had paved streets” or “Before we had 
filtered water”. We can likewise speak regarding the introduction of 
weeds and pests and parasities and diseases, as the days “before the 
potato bug”’. 

Perhaps in tracing analogies one might mention the coming to our 
country of such diseases as Influenza and Asiatic Cholera. In earlier 
years, when the country was thinly settled, many escaped, and, on account 
of poor traveling facilities, diseases traveled slowly. Influenza has trav- 
eled more rapidly each time it appeared and attacked a greater number of 
people, because they are now living closer together. There are regions 
today, especially islands in the ocean, where some of our common diseases 
have not yet been introduced. 
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Our country was criginally in possession of the Indians; Huropean 
immigrants gradually displaced them. The early comers found a wilder- 
ness; they cut down forests and cultivated the land. They thrived exceed- 
ingly and built up towns and cities. Immigrants in large numbers have 
continued to come, but those who come today find all the land occupied. 
The poor immigrant no longer can or does settle in the country; he goes to 
the crowded cities where there is a demand for labor. Many of the present 
immigrants come from the open country; they are used to open air life, as 
their ancestors had always been. There has been little or no weeding out 
such as we find among people whose ancestors lived under city conditions. 
AS a consequence, when these immigrants crowd into our cities—and of 
necessity they crowd into what are called slums rather than go to clean 
portions—they soon fail. Why is it that the children of the stolid immi- 
grants are called neurotic? 

Immigrants massed in cities need a change of environment. Country 
people thrive best under country conditions; many are wholly unadapted to 
city life with its many-sided contact with ill health and disease. Most 
immigrants are from country districts. No wonder the old farmer referred 
to his grandchildren as “weaklings’, and believed that the race is degen- 
erating, and no wonder physicians find children with all sorts of abnormal- 
ities and defects and that many are neurotic. Children, like plants, need 
room to grow; if massed together they, like plants, become stunted—in the 
end it is, of course, a survival of the fittest. 

This brings up the very practical question, Why do we allow slums to 
exist? Why do we allow people to live under slum conditions? European 
cities are driving out their slums, but we have scarcely made any effort. 

I referred to a plot of ground that is “going back to nature’. Perhaps 
we can find analogies among men. In the first place, there are situations 
where we scarcely expect to find certain people. For instance, people who 
normally live in the slums are not to be found among the better class. 

What do we mean by “the better class’? Do we not find a constant 
shifting about, some drop out, some rise and enter it? The old saying, 
From shirt sleeve to shirt sleeve, is very expressive. Very often, how- 
ever, the dropping out is due to ill bealth. 

Civilization, like farming and gardening, means a constant interference 
with nature. It is man against nature. When man gets back to nature 


old-time conditions never return, man again becomes strong and robust. We 
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hear much of Race Suicide today. Perhaps under a more simple and san- 
itary life the race would again become strong and healthy and prolific, just 
as soil left to nature returns to its former condition. 

I referred to the fact that many of our plants are constantly on the 
move. We see this exemplified again in man. Some people are moving all 
the time, one miglt almost come to the conclusion that the old-time homie 
is disappearing. People will move from one house into another, from one 
street to another, froin one towh to another, alternating perhaps between 
town and country and from one end of the country to the other. One 
Wonders why people move so much. One important cause in my observation 
is oh account of ill health. Many move into another house or into another 
town in the hope of having better health. When they do find a congenial 
place they are apt to stay, just as plants and animals stay. 

It is interesting to study the movement of population, of towns as a 
whoie or of certain streets or of certain buildings in the heart of the city, 
say a large store or office or bank. “Office boys” are both from city and 
country ; many country boys go to the city to “try city lifey. Some succeed 
but many fail. We hear of the successes but we usually do not hear of the 
failures, although there may be only one successful man to a hundred or 
several hundred failures. I am reminded of the remark of an old mer- 
chant: “The new boy who cannot stand the work of sweeping out the 
store and running errands is not apt to make a good business man”, mean- 
ing in this case a storekeeper. The merchant knew this as a fact, he did 
not attempt to explain it. I offered him this explanation : 

The new boy when put to sweeping may or may not react to dust 
influences. If he reacts there will be more or less complaint of ill health 
and in time he will drop out; if he does not react he may gradually advance 
and in time become a business man. The merchant whose name appears in 
the city directory year after year may be regarded as an immune, as an 
individual able to live under unsanitary city conditions. The directory does 
not mention the numerous failures. The successful business man in the 
city must be regarded as the survival of the fittest. Ie does not move 
ibout; he remains fixed because he is able to bear the unsanitary environ- 
ment. This moving about is, of course, seen at its best in large manu- 
facturing establishments, where there is a constant influx of “new hands”. 

Looking over the books on diseases of plants, one is surprised at the 


malogy between plant diseases and human diseases. One finds plant 
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pathologists using the names of the human pathologist and the physician. 
They speak of “epidemics” and “endemics” among plants—those terms 
etymologically refer to people, meaning “upon the people’ and “among the 
people”. It seems rather incongruous to use such terms for diseases upon 
or among plants. But it is facts, not words, that scientists are after. 
Then there occur such names as chlorosis, icterus, atrophy, necrosis, and 
even cancer and consumption. 

Plants are afflicted with diseases due to bacteria, to fungi (even to 
higher, flowering, plants), to animal and vegetable parasites of all kinds, 
to mites and worms, just as human beings. But, perliaps needless to say, 
the species are different. Although some of the common names current 
among physicians are used, vet the scientific names are wholly different. 
Another thing that impresses one on going through the books on plant 
pathology is the importance attached to cleanliness, as cleanliness apout 
the orchard, destroying dead branches and leaves and keeping the ground 
and trunk clean, the necessity for spraying and fumigating, measures that 
physicians long ago leariied but which the people are slew to adopt. Thai 
cities need as careful attention as orchards seems to be known to but few 
ef the people. The old farmer must be told why his orchard does not 
flourish, why trees are sickly and ultiniately die, just as many a com- 
munity must be told why its people are sickly and why there is race 
suicide. 

One day while botanizing I came across a field thickly overgrown with 
Iron Weed and Vervain. At one end it was wet and swampy, with pools 
of water. The farmer, who was plowing, overtook me. We engaged in con- 
versation. JI asked him why he allowed those weeds to grow. ‘The cows 
like weeds; they brush off mosquitoes and flies.” Te thought this sufficient 
reason for allowing weeds to grow. I pointed out how flies breed in his 
manure pile and that by giving a little attention the number of flies could 
be greatly reduced; that mosquitoes breed in wet places, as at the end of 
the field, and that with a little drainage the mosquito pest could be pre- 
vented; that with flies and mosquitoes absent there would be no need for 
the weeds; with fewer flies the cows wasted less energy in switching them 
and would give more milk; and in the absence of blood-sucking mosquitoes 
would gain in flesh. In the absence of weeds there would not be a con- 
stant cloud of seed blowing on to his cultivated fields and on to those of 


his neighbors. 
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He listened incredulously and when I finally told him how a certain 
mosquito transmitted malaria, he said, “Now do you really believe all 
that?’ His own belief was that it was all nonsense. 


What is the use of attempting to teach the old farmer? I thought. 
Perhaps if the school teacher told these things to the farmer’s boys it 
would have some effect. ‘They might see the need for cleaning up every- 
where. 


It is perhaps unnecessary to refer to the experienced florist or horti- 
culturist whose knowledgé enables him to tell from a plant’s appearance 
that it is sickly and needs certain treatment, otherwise it will perish; or 
to the physician whose knowledge enables him to quickly recognize certain 
conditions in man and the need for a change. 


Now resurveying the field, oue comes to the conclusicn that weeds and 
diseases and ill health exist mainly because we neglect to pay attention to 
cleanliness. When un epidemie threatens a large city then everybody gets 
busy and cleans up. There should be constant not periodical cleaning up. 
We should not allow the existence of waste places where weeds grow 
which will re-seed the whole country about. No matter how free from 
weeds a farmer or gardener may keep his own ground, seed are constantly 
brought in from the surrounding country. It takes a combined effort to 
fight weeds. As matters stand, farming and gardening are largely a war- 
fare against weeds. The same is true in regard to communities and dis- 
eases. No matter how careful one individual may be the seed of disease 
constantly comes to him from those who are sick and diseased. He meets 
people on the street who come from neglected homes, from the slums 
where disease and ill health are endemic and from where diseases are 
carried to all parts of the city. By the way, nearly all the patent medi- 
cine testimonials we see in the newspapers are signed by people living in 
such localities. 

We can look at the subject in another light. Many plants adapt them- 
selves to their environment. Sensitive ones are readily killed off under 
conditions where weeds continue to flourish, just as many human beings 
are killed off or driven out where conditions are unsanitary. But we 
know to what extent some human beings can live under slum conditions; 
some must be regarded as human weeds, such as the Juke and Ishmael 
families. Like common weeds, they are undesirable. Cleaning up drives 
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out the slums; moreover, slum children, if removed, in time may become 
desirable citizens. 

Why is it that “human weeds” are given such an undue amount of 
attention, asylums are erected for them where they have the best of at- 
tention, where they live on to old age? Why must a man wait until he 
becomes insane or a pauper or a criminal before being housed under 
sanitary surroundings ?' 

Why does ill health flourish so widely? Why are there so many 
quack remedies, as those advertised in newspapers? The newspapers of 
some small towns are overcrowded with nostrums for common ill health. 
Where should the attempt to make a change begin? 

One day I was telling a teacher that in Germany children are taken 
out into the country on certain afternoons to study nature, the valleys 
and streams and underlying rocks, the plants and animals; that boys 
make collections of plants and bugs, etc. Perhaps later when as adults 
they go out into the country they really “see’ something. He admitted 
that that was all very tice but that it required the teacher himself to 
know what to point out. 

He mentioned that some of our teachers had the pupils to study news- 
papers. But that occurs only in isolated instances; when we investigate 
we find that the editorial page only is read and studied. 

Now the editorial page of large city newspapers as a rule is the 
only page free from offensive advertisements and reading matter, of ac- 
counts of murders and all sorts of things that do not elevate mankind. 
Likely the back of the editerial page is full of murder news and crude 
pictures of the murderer, his victim and the places where the deed was 
committed ; or the page is full of quack advertisements, of medical pariahs 
who claim to cure what no conscientious physician can cure; or of de- 
ceptive patent medicine advertisements for ills that no physician can 
cure, because they are a reaction to an unsanitary environment. 

Now it weuld be a good thing for schools to study the newspapers, 
all their pages and all the papers. the high toned ones that leave com- 
paratively little to be desired nnd the other kind called yellow. The re- 


1This is not to be ccnsidered a criticism of our benevolent institutions; they 
are doing a good work, one in harmony with the spirit of the age. It took a long 
time to reach a high plane. Our leveling should be upward. As matters stand, the 
amount of attention given charitable institutions is wholly out of proportion to what 
is given worthy people not in institutions. 


64 


lationship of cause and effect should be traced. Do newspapers supply 
wants? 

Is it reasonable to believe that the average newspaper publisher de- 
liberateiv prefers to publish horrible murder accounts, nauseating and 
lying advertisements of all kinds, which he does not want his children to 
read? The editor himself has very little voice in the matter; he writes 
the high-toned editorials. It is the managing editor who must look for 
financial returns for the owner or rather for the publishing company; he 
gives the people what they want. 

The matter of clean newspapers, clean cities and clean farms goes 
back to the community—there is room for the school teacher. 

Every large city has a number of newspapers; some appeal to a cer- 
tain class of readers only and go to certain sections of the city, some to 
the fine homes, some to the slums; others appeal to all sorts of readers. 

Small communities may have only a single paper. By comparing the 
hewspapers of small cities one can get a comparative idea of city condi- 
tions. Quacks and charlatans and patent me@icine men do not thrive in 
clean communities. 

The patent medicine men in their newspaper advertisements are 
still loud in their praise of our “valuable native medicinal plants.” They 
evidently try to keep up the old-time belief that there is a plant for the 
cure of every disease. 

In strolling about the country with a botany can, one frequently meets 
people whe ask, What are the plants good for? Many have an exaggerated 
idea of the importance of plants, especially of common weeds, in medi- 
cine. Usually one does not attempt to explain. It may be said that as a 
rule plants play a very slight role in medicine today, only a few are used 
and then mainly to modify symptoms, less and less in the light of “curing 
diseases.” Perhaps one can make distinctions between plants and their 
use, in this wise: Plants of least value, used to modify symptoms, are 
those that can be gathered readily, or which grow naturally as weeds, or 
which can be cultivated in gardens. Secondly, plants that must be looked 
for away from the haunts of man. One may say of these that if the indi- 
vidual in ill health will go and seek them out, using them under simple 
life conditions, likely he will regain heath, as shown for instance in a 
little story by O. Henry, where the mere search for the rare plant in the 


mountains brought back health. 
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Just now we hear much about school gardening, having the children 
attend to a small plot of ground. We can readily see how a child may 
learn much regarding plant life, how the soil must be prepared, the seed 
planted at the right time, food and moisture supplied, and enemies of the 
plant held in check, weeds and animals of all kinds. The school boy 
learns that in proportion as attention is given to his plants and they are 
protected from destructive influences they thrive. By pointing out anal- 
ogies between plants and man he can understand why man himself re- 
quires attention. 

It is customary nowadays when any change is proposed to say, Teach 
it in the schools! Teach the Young! Just now there is a demand to teach 
agriculture in order to get away from old-time farming with its wastefui 
methods. Teach it in the schools! Teach the young! Now the same 
may be said regarding causes of common ill health. Teach it in the 
schools! Teach the voung! The young learn readily and remember. Our 
schools already teach physiology but unfortunately it is largely if not ex- 
clusively a book study; often the book used is dry bone anatomy or dry 
as dust physiology.and forced upon the children before they can grasp it. 
The new books on hygiene and sanitation are a great improvement but it 
is still only a teaching from books. If the teacher could take his pupils 
out and point out analogies between plants and weeds and diseases and if 
newspaper accounts were studied in the light of onvironmental influences, 
it weuld not take long until there would be a change for the better. 

But in order that the teacher may be able to instruct the young, he 
must himself be taught. That means the colleges must take up the work, 
and since our Academy is mainly made up of college people, shall we say 
the work comes home to the Academy? 

But, some will say, educating the people in regard to sanitary matters 
is work for the physicians, the physician should educate the people. That 
may be true theoretically but practically it is wholly false. Physicians 
treat sick people. Under present conditions that is all the people demand 
and all they are willing to pay for. Many have no use for the physician 
until they are actually disabled, sick or diseased, and then it may be too 
late to talk of education. 

It may be asked, Why do not physicians at least eall attention to 
these matters and to environmental influences, how people become. sick 


and diseased on account of unsanitary surroundings? There are several 
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reasons. First, a financial one: physicians like everybody else do not 
take up a work unless paid. Second, when physicians do advocate sani- 
tary measures they are almost invariably accused of working to their own 
interests. As a matter of fact, however, practically all the sanitary im- 
provements that have been made and are taking place are due to the ef- 
forts of physicians. To see how measures intended for the welfare of the 
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people are antagonized by “peanut politicians,’ we need only consider what 
takes place in the legislature at every session, and how long it takes 
sanitary measures to pass. Why many physicians do not take an interest 
may be seen by what occurs when physicians object to the coming of 
quacks and charlatans who herald their wondertul abilities in the news- 
pupers—alnost invariably the newspapers take the advertising quack’s 
part and oppose the home physicians. As a result many physicians do not 
concern themselves with the subject, they have all the work they can d» 
and the “fly by night” does not interfere with their practice. Another, a 
third and very important reason is this: The physician as a rule belongs 
to the “weeded out” class. He is an individual who does not react to 
ordinary unsanitary environmental influences and because he fails to react 
is why he pays lictle attention to common ills and minor maladies. The 
reason why physicians belong to the ‘weeded out” class is simple: The 
boy who intends to become a physician requires good schooling; he may 
even be required to take a preliminary college course, get an A. B. 
degree, before he is allowed to enter medical college. Now many of our 
schools are very unsanitary and the bright boy reacts: he has ill health. 
We may drop out entirely or attend school only at intervals, but finally 
manage to complete the grades; then he is ready to enter high school. 
This is often located in the heart of the city under highly unsanitary sur- 
roundings. Trees may not grow but children are expected to. The venti- 
lation of the school house is usually bad. The boy reacts promptly. He 
is more or less constantly in ill health and soon drops out entirely. Un- 
less his parents are well-to-do aud able to send him to a private school he 
is not apt to become a physician. 

One can go a step further. Many medical schools are loeated in large 
cities under surroundings about as bad as they can be. Some young men 
who were able to complete high school (and we know there are some 
sanitary high schools where boys pass through readily) are now weeded 
out in the medical college. They fail to get a medical degree. 'The boys 
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and young men who have “robust health’ and are abie to continue their 
education uniiterruptedly are “the survival of the fittest.” They can 
follow their profession in the heart of a city under the most unsanitary 
environment—and since they do not react they fail to understand the com- 
mon ill health of their patients; they are apt to refer to some indi- 
viduals as “imaginary ill.’ That may explain why the sick often go else- 
where and why faith and mind cures flourish. Now in regard to the lat- 
ter it may be said that many individuals when they adopt some mind or 
faith cure change their habits, perhaps leading the simple life and re- 
maining away from crowds. With this change comes about improvement 
in health. 

The common doctor treats the conunon ill health and the common dis- 
eases of the common people, a fact pointed out by the Father of Medicine 
2,500 years ago. It is rather anomalous that scientific physicians today 
should so largely be interested in well-defined diseases to the neglect of 
common everyday ill heaith. Every now and then we see a newspaper 
item under such a heading as “Conquering Disease.” Newspaper reporters 
at times become enthusiastic and predict the conquering of all disease— 
but the Jess a man knows about the subject the more enthusiastically he 
nay write. Be that as it may, we know that under present-day sanita- 
tion well-detined infective diseases are becoming less and less common 
every year. We need oniy think of what the introduction of pure water 
means to a city in such diseases as Asiatic cholera and typhoid fever. 
But although specific, epidemic, diseases are decreasing, common ill health 
is increasing, in spite of more and better doctors and better medicines— 
medicines that palliate but do not cure. 

Now unfortunately there is no institution devoted to the study of com- 
mon ill health, especially ill health dependent upon bad air conditions. 
The very common things of life are neglected—a fact which critics of the 
medical profession pointed out long ago. Until the people themselves take 
hold of the subject we need not expect much change. 

Today we hear much regarding the role of well-equipped hospitals in 
city life. Many have an idea that the number of hospitals and their 
equipmeut are an index of a city’s progress. The same individuals likely 
estimate a city’s pregress by the size of the smoke cloud overhanging it. 
As a matter of fact the opposite is true. A sanitary and well managed 
city has comparatively little use for hospitals, barring of course accident 
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ind surgical cases. Many hospitals in a community indicate much sickness 
and especially sickness of preventable kinds. What our cities need is not 
more hospitals but a thorough cleaning up, and shall one add that our 
cities sheuld also prevent smoke clouds? Smoke means waste, besides de- 
struction of life, as alrendy mentioned. 

The plant breeder is constantly seeking to eliminate the unfit. But 
man can not proceed on the same plan regarding his own kind. He does 
not wilfully seek the destruction of those not adapted. He tries to make 
the environment favorable so those who are apparently unadapted will 
survive. Nature is of course constantly weeding out the unadapted and 
the mortality rate of crowded cities is something terrific compared with 
lite under simple country conditions. By giving the inhabitants of the 

large city pure water, good food, good air and clean homes the conditions 
for existence are at once made favorable. 

Every now und then we read of cities that are seeking a slogan; 
what they want is one to indicate that they are growing bigger. A good 
slogan for nearly all of our American cities would be, “Let us clean up,” 
or, “Not bigger but cleaner.” Perhaps the best reputation that any city 
could acquire is “A city that cleans up.” When the people once realize 
What clennliness means cur cities will be radically different from what 
they are today. 

From what is said above it may perhaps be seen that the cries of 
Race Suicide, Back to Nature, and Back to the Simple Life have a good 
foundation. 

Our Academy has a Committee on The Restriction of Weeds and Dis- 
euses (“Diseases” was added on my recommendation). For the past two 
years I bave been chairman of this Committee but, I am sorry to say, when 
at the annual meetings a call for reports was made I had nothing to re- 
port. Perhaps I ought to explain. For the past year and a half I have 
been working on a manuscript, in fact on two manuscripts, dealing with 
common ill health and the peed for cleaning up. One of these volumes is 
intended for the public and the other for physicians. The problem I am 
especially interested in as most of you know is to give the people good air, 
air free from dust and smoke. Until these two volumes are out I do not 
feel like taking up the subject pubiicly. But I feel that this is a subject 
that should be taken up dy the Academy, perhaps at first in a small way, 


eradually enlarging. We must interest the people. Saiitation can not be 
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forced upon them. It takes time. We need only think Gf measures to limit 
the use of alcohol ard tobacco. If there is no public sentiment in a com- 
munity laws are not enforced, and a law that is not enforced is worse 
than none at all. Many are skeptical about the present generation but 
expect much from the coming one. Perhaps the matter is largely in the 
hands of the school teachers, and since the Academy is made up mainly of 
men who instruct the teachers it comes back to the Academy. 

In coneluding I may say that we have a Federal Department of Agri- 
culture which gives attention to plants and weeds, to animals and pests 
and parasites of all kinds, but it neglects the farmer himself and his ehil- 
dren. We need a Federal Department of Public Health, a Department 
which will study the needs of the people and give them information re- 
garding health and ill health and disease just as the Agriculture Depart- 


ment now gives information about animals and plants.t 


1A resolution endorsing the establishment of a National Department of Publie 
Health was passed unanimously. 
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Water Suppeuiss oF INDIANA. 


By CHARLES BROSSMANN. 


More than 60 years have passed since the first Municipal Water 
Works of the State were installed at Madison, Ind. Since then, many plants 
have been erected. Our complex life and increasing population has neces- 
sitated new methods of living and caused new demands; the most impor- 
tant among them being good water. At present there are few towns of 
any size that do not have publie water supplies. 

In the year 1890 there were about 50 plants in this State and at 
the present time there are over 150 plants. It has not been possible to 
get information on all plants, but the figures represent a very healthy 
growth. The town pump and historic oaken bucket are being abandoned, 
and the more convenient and usually safer public supply is being gradu- 
ally adopted. The supplies for public use as a rule are more carefully 
selected and situated and taken from a source less liable to contamina- 
tion than are the individual surface wells of the householder. 

The installation of a water works plant usually is followed by the in- 
stalling of sewers, which is a great asset to the sanitary conditions of any 
locality. 

Of the water works here charted approximately 65% are well systems, 
15% river, and the balance springs, flowing wells, lakes, open wells, etc. 
About 60% of the plants are municipal plants and the balance operated by 
private companies. 

The arrangement and method of charting the supplies has been under- 
taken with the hope that it may be the start of a more complete investiga- 
tion and record, and that such contributions or additions may be made from 
time to time as will increase its value as a water supply record of the 
State. The author's studies in this line have taken into consideration the 
mechanical equipment of the plants using these supplies, but it is not the 
intention to go into this part other than to show on the map the method 
of procuring the subterranean supplies of water. The map of the State 
before mentioned shows the various sources of supply, the method of pro 
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curing same, and how they are prepared for use. The well supplies are 
shown, giving the depth of well, the level of the water (where it has been 
possible to secure same), and roughly the depth of glacial drifts as found 
in that section; the drift depths are as given by the United States Geo- 
logical Survey. 

North of the Wabash river the depth of drift is approximately 100 
feet or over, the best wells being usually in this material. Quite a por- 
tion in the western part is the region of extinct lakes. An interesting 
comparison occurring in this extinct lake region, is the supply of Kent- 
land. This town formerly had its supply from a well about 1,200 feet 
deep, the water having a strong odor of sulphur. The water in this well 
stood 72 feet below ground about six years ago. Last year it was 120 feet 
below ground when pumping, and owing to this great lift caused muck 
trouble and expense in pumping same. 

This year a new plant was installed at Kentland. A new site was 
selected about one-half mile from the old well. The wells were drilled to 
a depth of ST feet when rock was encountered. The last 15 feet of the 
well was in white sand, aud produced a clear sparkling water without 
taste or odor. This installation is of interest as it shows such a difference 
in the two weils and their product. 

From the south of the Wabash river to the Ohio the drift varies from 
5 to 100 feet in depth, except for a triangular shaped section, with the 
apex below Martinsville, which is practically in the rock section. The 
water works of English in this region are of more than passing interest, 
as the supply of the town is secured from an elevation high enough to 
give pressure withont pumping. 

It will be noted on the map, that of supplies shown in the rock country, 
the majority are springs or river supplies. The procuring of water 
in quantities sufficient for public use is in some parts of this district a very 
difficult problem, especially in dry seasons. 

The water of the State can be divided inte two main classes, surface 
and subterranean supplies. The surface supplies comprise the river, lakes 
and large surface wells or reservoirs and may be divided into the filtered 
and unfiltered classes. The subterranean waters consist of the deep wells, 
flowing or unflowing, and springs. 

The most noteworthy characteristic of the surface waters is that they 
are as a rule softer than the well waters and after filtration usually make 
a very satisfactory supply. The well waters as a rule are harder and in 
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numerous places give trouble from this cause, often making it impossible 
to use them satisfactorily for steam purposes. 

Muncie uses well water. The raw water is heavily impregnate@ 
with iron which is treated by aeration, which puts the supply in a satis- 
factory condition. i 

An important cendition found in the well supplies has been the in- 
formation secured showing the lowering of the water level at various 


places. This occurs in a number of localities, some of which are herewith 


mentioned. 
Towns. 

IKkentland (old gas well)...... 48 feet drop in 5 years. 

Elwood ...... Raa SE MAT Ole Seeks 40 feet drop in 12 years. 

REPREOTIS LIU. farsroe O saelae es ae ee elarsg 40 feet drop in 10 years. 

RTI LO eWarere arm ercita ea ae: « .... 28 feet drop in (time not given). 

FRETILTIO TO ers at Mecaele se oeke sisters oe S feet drop in 10 years. 

AVErAital ON vereseten cert auaueie oe io fav's d, ores lela 6 feet drop in 20 years (cause of the 
fall at Marion is given as due to 
waste from other wells). 

ISS KEIO: Be oko AS Don Ech Choe ae ae 4 feet drop in 10 years. 

SOME D ONG eye Herta aiaieks oto aeal 3 feet drop in S4 years. 

LUsheheCs a) Gove Bint eecieno ai a et One Cane Some wells show 30 feet drop in 6 
years. 

ISOKOMI0) 25 6,56 ac us hetaner ss, adds aeua' Gps Some wells have dropped 15 feet since 
i895. 


It is a long step back to the time when there was nothing but water over 
what is now Indiana; but now, over that same area the procuring of 
water is an engineering problem of some importance. 

The gradual receding of the water from the inundated area took place, 
of course, through a great length of time, but even after the waters be- 
came confined to their individual channels, such as our present day rivers, 
the point of saturation of the earth has been lowered by natural and arti- 
ficial causes, such as deforestation, large drainage and reclamation works 
and the drainage of farm lands. Records from the weather bureau show 
that the rainfall for the past twenty years has not decreased. The ques- 
tion of run-off, however, is more important, as this undoubtedly has been, 
and is becoming more of an important factor each year. 

A systematic method of recording all supplies in the State and tabu- 


lating ail data pertaining to old as well as new supplies would be of great 
value. This could be best undertaken by one of the departments of the 
State and this information is here presented as a nucleus for the same, 
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A BUILDING FOR THE DEPARTMENT OF PractTicAL MECHANICS 


at Purpur UNIVERSITY. 


By M. J. GOLpEN. 


The building was designed fcr the purpose of providing laboratories in 
which to teach students of engineering, shop practice and mechanical 
drawing, and is meant to accommodate three hundred students in the shops 
and three hundred students in the drawing rooms at one time. The me- 
chanical drawing taught is the usual elementary drawing that precedes 
engineering design, and includes descriptive geometry. The shop practice 
includes manual training and practice in the methods employed in manu- 
facturing where special tools and labor saving devices are used; this in- 
volving arrangements in the shops for demonstration work before groups 
of students. 

The principal conditions necessary for the proper carrying on of such 
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Fig. 1. 
work are ample light, proper ventilation, and careful regulation of the 
temperature. 
The building is of common brick with stone trimming and the design 
was purposely made to be as simple as possible, as befits a structure for 
such purpose. The general appearance is shown in Fig. 1, 
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It consists of a three story front in which are the drawing rooms, 
lecture and class rooms, and offices, and a series of one stery rooms for 
the shops; the separate shops are bound tegether and to the front by a 


large corridor that serves also for museum purposes. 


LIGHTING. 

Considering the lighting first, the effort was to have as much lighting 
from the sky as possible; and as the large area of the roof made a trouble- 
some accumulation of snow probable at times, a sloping roof with small 
pitch was taken and large skylights used to give the desired openings. 
These openings are glazed with a maze glass that is reinforced with wire 
netting, and this has heen found to give a light distribution that is satis- 
factory. The saw-tooth form of roof was discarded in the design because 
of the possible snow accumulation in the valleys. The skylights are used 
in all the shops and for the drawing rooms in the third story of the front. 
In the rooms in the front where skylighting cannot. be esed, the windows 
are made to extend to the ceiling and to be as large as safe wall construc- 
tion will permit. 

The artificial lighting is principally by GO C. P. incandescent lamps. 
In the drawing rooms these are arranged in groups of four close under a 
whitened ceiling. This arrangemeut is used also in the lecture rooms, the 
forge shop and foundry. Jn the machine shop the arrangement is supple- 
mented by individual lights at the ends of arms made of flexible tubing, 
and in the wosod-working room, mereury vapor ares are used for the ceiling 
lights, with the individual lamps at the benches and lathes. In the wash 


and toilet rooms the light is distributed by individual ceiling lamps. 


HEATING AND VENTILATION. 

It was censidered desirable that the heating and ventilating be by 
separate systems. The heating is done by radiation from steam heated 
radiators that have automatic control. These are coils of pipe that 
are suspended from the ceiling in some portions of the shops and wall 
radiators in other parts, and in the front portion of the building. The 
steam is generated in the central heating plant of the University, and is 
brought to the building in covered pipes in a tunnel. 

The ventilation is accomplished by taking air from outside the build- 
ing and after passing it over steam heated pipes in a Chamber in the. base- 


ment, where it is tempered to 67° F., forcing it through ducts in the walls 
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and distributing it over the building. In the shops the distribution is 
through sheet metal pipes that are suspended against the upper portion 
of the side wails. The temperature is controlled by a regulating device in 
the heating chamber. By this scheme the ventilating apparatus can be 
closed to any portion of the building not in use. It may be used also as a 


supplementary heating system in severe winter weather. 


POWER. 

The electric current used for power and lighting is generated in a plant 
that is about three hundred yards away from the nearest point in the shops. 
It is of the alternating kind and is brought to the building at a tension of 
twenty-two hundred volts and is then stepped down to two hundred 
twenty volts in a transformer that is placed just ontside of, and in the 
rear of the shops. The portion used for power purposes is carried to a 
number of small motors that run groups cf the machines or that run indi- 
vidual machines: there are seventeen groups in all besides the individually 
driven machines. 

In the wood working shop it has been possible to place the motors in 
the basement, and this is especially desirable in wood working, as it tends 
to freedom from dust. This was not possible in the machine shop, because 
of the design of the driving heads of ordinary machine tools. 

The general arrangement of the building is shown in Fig. 2, where the 
floor area devoted to the various purposes is shown, also. 

Adjacent to every one of the shops there is a room for demonstration 
purposes. This is arranged so (that a machine may be conveyed from its 
place on the shop floor and used during the exposition of its purposes. 
Power for this purpose is brought to these class rooms; and to furnish 
current for the projection lantern in the large iecture room, there is a 
separate set of wires from the power house, bringing a direct low tension 


current. This low tension current is carried at one hundred ten volts. 


CONVENIENCES. 

The basement under the main corridor has the locker and toilet rooms ; 

a battery of forty wash basins supplied with hot and cold water, and rows 
of metal lockers are arranged at each end. There are individual lockers 
for eight hundred fifty students, in which they keep their work clothes. 
In the shops there are also separate tockers for cight hundred fifty stu- 
dents, in which the material on which they are working is placed when 


not in use. 


79 


The drawing rooms are furnished with cerresponding lockers and other 
facilities for the apparatus used in drawing. In the third story are two 
rooms for blue printing and corresponding work. One room is arranged 
for sun printing and has sheets of plate glass in an exposing wall on one 
side. There are the usual printing frames. The other room has no out- 
side wall and is fitted with a plue-printing machine in which exposure is 
made to a rise and fall electric are. The washing and drying of the prints 
are done in the sua printing room. 


There are two dark rooms for photograyhic work. 
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THe Cycle oF SUBTERRANEAN DRAINAGE As ILLUSTRATED IN 


THE BLOOMINGTON, INDIANA, QUADRANGLE!. 


By J. W. BEEDE. 


The Bloomington, Indiana, quadrangle* is the first topographic map te 
be completed in the cave region of Indiana. It is fifteen minutes square with 
contour interval of twenty feet and scale of 1/62,500, or about a mile to the 
inch. Careful inspection of the field shows it to be remarkably full and 
accurate in detail. 

While the eycle of subterranean drainage, as here presented, had not 
been discussed between us, yet all the various phases of it have been dis- 
cussed and similar conclusions independently reached by both Professor 
Cumings and the writer as the result cf tramps and class excursions over 
the cave regions of Indiana. The cycle has also been given as lectures, 
illustrated with lantern siides, in our classes. This paper has also had 
the benefit of Professor Cumings’ criticism. 

The physiographic history of the Bloomington region is such as to 
make this maj very interesting, both for the remarkable preservation of 
the older geographic features and for the recent modification of them. 
Not the least interesting, nor the least important of these, is the subter- 
‘anean Grainage. Indeed the fine preservation of the older features is 
due to the fact that the water has, figuratively speaking, soaked into the 
old peneplain much as it would into a sponge, confining its work to the 
solution and honeycombing of the rocks beneath the surface instead of 
concentrating its energies cutting it into ridges and valleys. 

The whole of the quadrangle, excenting, perhaps, the northwest corner, 
lies in the driftless area of Southern Indiana. The larger streams, except 


1The title of the paper as shown in the program was “Features of Subterranean 
Drainage in the Bloomington Quadrangle.’ After the title had been sent in it was 
realized that it would be impossible to treat the subjects in mind intelligently without 
outlining the cycle of subterranean erosion. This outline, of course, overshadows 
the minor details intended to be covered in the paper, and hence the change in the 
wording of the title. 

* Price five cents. Apply to 'The Director, U. S. Geological Survey, Washington, 
jae 
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Clear Creek, were effected by glacial waters which were one of the potent 
factors in producing the beautiful terraces of Beanblossom, Salt, Richland 
and Coon creeks. However, it is with the subterranean drainage that we 
wish to deal at this time. 


GENERAL CONSIDERATIONS. 


Before discussing the details of the underground drainage of the 
Bloomington region it is necessary to discuss some of the general features 
of the development of subterranean drainage under various conditions. 
Underground drainage is developed in two ways: 

1. In a region of very soft, povous rocks. where jointing and bedding 
may play a somewhat minor role, the channels are determined to some ex- 
tent by the varying degree of porosity of the rocks through which the water 
percolates. Under such conditions the caves are apt to be less regular in 
their forms and their courses less angular than would otherwise be the 
ease. This also has a marked effect upon the origin of the sink-holes and 
eave openings. Under these conditions the sinks may be formed where 
the rock is somewhat more porous or where tere was a slight depression 
originally. These factors are modified by the proximity of channels be- 
aeath the surface. In such cases, as has beeu pointed out by Sellards’, the 
sinks first appear as “cave-ins” of the soil and rock structure, the sink 
Leing first a hole of greater or less size, sometimes being larger below than 


9 


at the surface. That is, the hole may be conical or “jug-shaped,”’ as sug- 
gested by Eigenmanin’. The caves of Canhas, Cuba, are of this type. Sinks 
ot this kind are formed most abundantly where the surface of the region 
is but little elevated above tide or general drainage level and the caves or 
channels are close to the rock surface so that it is easily undermined. 
In cases where the caves are far beneath the surface the sinks will be de- 
termined—iu the absence of surface irregularities—by the location of the 
more porous spots in the rocks near the subterranean channels and will be 
developed by solution from the top downward. It may be remarked here 
that the joints in some of the Cuban cayes are inconspicuous. 

2. The other condition under which caves are formed and free under- 
ground drainage developed is in the firmer limestones, usually well above 
sea level and the major drainage lines. The denser the limestone the 


3 Science, XXVI, p. 417, 1907. More fully, Bull. I, Fla. Geol. Surv., pp. 49-57, 
1908, 
4 Bull. U. S. Fish Comm., 1902, pp. 211-236. 
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smaller the percentage of pore space, and the thinner the beds the greater 
is the tendency to form sinks and caves and the more sharply angular are 
the subterranean drainage courses. ‘This is excellently illustrated in the 
cave region of Indiana. The Mitchell limestone is very dense, thin bedded 
and impervious for a limestone and is broken into small joint blocks. Here 
the subterranean flow is largely confined to the joints and bedding planes, 
thus concentrating the solution effected by the water to the immediate 
channels through which it flows. In this way channeis are produced and 
enlarged with maximum rapidity. 

On the other hand we may contrast this condition with that of the 
Salem limestone lying immediately beneath the Mitchell limestone. The 
Salem is nearly devoid or bedding planes, a rather soft and quite porous 
limestone, through which the water percolates with relative ease The re- 


suit is that caves in the Salem limestone are very rare. When they occur, 


Fig. 1. Diagrammatic illustration of incipient subterranean drainaze. The 
main stream is entrenched and the tributaries out of adjustment pitch over rapids 
te join it. Underground drainage has started through the joints. The vertical 
dotted line a b represents the original unbalanced static water head which started 
the circulation. 
as at Mays cave, they may be formed by a eave passing down from the 
Mitchell limestone inte it to reach the surface nearer the drainage level. 
The lack of frequent bedding planes is a strong contributory factor to this 
condition. Aside from its structure the opportunities for the formation of 
subterranean channels are as good as in the Mitchell limestone. 

Again, the Harrodsburg limestone, lying immediately below the Salem 
limestone, is harder, less porous, more highly jointed and thinner bedded 
than the Salem and shows a correspondingly greater tendency to develop 
underground water channels. The Mitchell limestone possesses the ex- 
treme of these conditions and the extreme development of underground 
channels. 

IHE SUBTERRANEAN. DRAINAGE CYCLE. 
In either a coastal plain or an interior region which has been thor- 


oughly baseleyeled and reéleyated, what drainage there is to begin with is 
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surface drainage. It remains surface drainage until the rapids of the 
larger streams have deepened their valleys well across the plain, leaving 
their tributaries out of adjustment with them. At this stage underground 
drainage first takes place to a considerable degree. The rocks are satu- 
rated with ground-water and at the level of the larger streams is under an 
unbalanced static head equal to the differeuce in elevation of the surface 
of the tributary, and of the water table between the tributaries, and the 


Fig. 2. Section of a funnel-shaped solution hole (enlarged joint) in limestone, 
illustrating the origin of solution sinks. 


main stream. As this is slowly drawn off more is supplied from above 
and a subterranean circulation is begun. The development of sinks goes 
along with the development of the subterranean drainage channels. The 
cross-joints most favorably situated with respect to free circulation below 
and supply from above, soon begin to be enlarged by solution. This solu- 
tion is most active where the water first Comes into contact with the 
limestone and the upper part of the opening will be dissolved most rapidly, 


resulting in 2 funnel-shaped hole. The larger this funnel becomes the 
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more water it collects and the more rapidly it widens at the top and the 
larger the sink becomes. In this way the sinks develop at the same time 
that the subterranean channels do and in a region of mature sink topog- 
raphy where the channels are well below the surface, as in the Indiana 


Fig. 3. A more advanced stage of subterranean drainage than No. 1. Sinks 
have developed and all the water of the stream passes beneath the surface and 
enters the larger stream as a great spring. It may be considered a sort of vertical 
self capture, a common occurrence. The underground channels have become enlarged 
and subterranean drainage has worked headward along the stream. At this stage 
the sinks will be developed over considerable of the surrounding land surface. It 
may be regarded as approaching maturity. 
region, probably ninety-five per cent. of the sinks are formed this way.’ It 
is certainly true of the Bloomington region and aj! the Indiana region as 
far south as Wyandotte that has come under the writer’s notice. In some 
cases a sink may cover many acres and be as much as a hundred feet 
deep. he first surface indication of the sink is frequently the collapse 
of the soil into the funnel which has been dissolved in the surface of the 
underlying rock. This has probably given rise to the popular notion that 


sinks are usuaily formed by the collapse of the roofs of caverns.’ Incipient 


Fig. 4. An ideal section, similar to Nos. 1 and 2, in old age. Natural bridges 
are developed, much cf the roof of the subterranean channel has collapsed, revealing 
the underground stream, and the mouth of the cavern has retreated by collapse and 
erosion. Dotted line indicates the old land surface. 


>See Blatchley, 21 Ann. Rep. Ind. Dept. Geol. Nat. Res., p. 1383, 1896. 

®For a discussion of the solution of the Indiana limestones, see Cumings, Proc. 
this Acad., 1905, pp. 85-102, 1906. Caves, F. C. Greene, idem, for 1908, pp. 175-183, 
1909. 

*'This does not seem to apply to the caves of Florida and some regions of Cuba 
where the channels are very near the surface and the roof soon becomes so weakened 
that it gives way, and the extreme porosity of the rocks does not concentrate the 
solution to the joints to produce solution sinks. 
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sinks and slightly Geveloped underground drainage may be considered as 
characteristic of the youth of subterranean drainage. There will be no 
collapse sinks at this stage. 

In the course of time the water of some of tbe streams may all pass 
below the surface and issue as great springs or subterranean streams in 
the channels of larger streams or in their own channels below where there 
may have been rapids er considerable fall in the beds. As time goes on 


this sinking of the water progresses headward along the stream, reducing 


Vig. 5. Abandoned bed of Lost River, near Lost River station, north of Paoli, 
Ind. During floods this channel contains water. It is twelve miles long. The val- 
ley is very broad, with indistinct bluffs. 


more and more of its course to underground drainage. The distance which 
streams may fiow underground before reappearing at the surface depends 
upon the physical conditions in which they are pliced. The distance that 
they are now observed to flow beneath the surface depends also upon the 
stage in the cycle of erosion in which they happen to be. Thus, in the 
Bristol-Standingstone region of ‘Tennessee and neighboring country the dis- 
tance seems te be about a mile. Lost river, in Indiana, flows about six 
niles in a direct line, or about double that distance by the old channel, be- 
fore reappearing. Perhaps Lost river sheuld be regarded as being in a 


somewhat later stage in its cycle than those of the region just mentioned, 
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since there is evidence that collapse has brought the present stream to the 
surface for some distance below the “Gulf” where it now escapes. 
The collanse of the mouth of the cavern is brought about by the in- 


creased width and height due to solution and abrasion, the fall of slabs 


Tig. 6. Stony Spring, Bloomington waterworks. During freshets the water 
flows out all around the foot of the bill shown in the picture and even farther to 
the left. The cavern containing the stream is here collapsed, blocking the outlet. 
When the cave fills with water it breaks out wherever it can find an opening. The 
water comes from the former drainage basin of Indian Creek and now enters the 
head of Clear Creek. 
from the roof and by the lowering of the channel until the roof, unable to 
support itself, finally falls. This collapse of the lower portions of caverns 
bringing more and more of the subterranean stream to light may be, and 
frequently is, going on at the same time tbat the upper reaches of the 
stream are being converted from surface into subterranean drainage. This 
is true of nearly all the largest outlets of subterranean drainage in the 
Bloomington region. Stone spring at the Water Works, Shirley spring and 
Leonards spring, southwest of the Water Works, and Blairs spring, just 
northwest of Stanford Station, all show this phenomenon, while the upper 
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parts of the streams feeding them are still being more thoroughly taken 
under ground. A good example of this is seen in the sinks just east of the 
County Farm. The old sink is located in the angle of the road, while the 
stream now passes beneath the surface fully a quarter of a mile upstream 
to the northwest. Only the flood water now finds its way into the deeper 
siuk below. The coliapse of the mouths of caverns is excellently exhibited 


Fig. 7. Shirley Spring (East Spring), S. E. of Leonard Schoolhouse. The 
cutlet of the stream entering the sinks east of the Poor Farm and the intervening 
sinks. For abandoned, higher cave, see Fig. 30. The condition of collapse is similar 
to that shown in Fig. 6. 


in the Shawnee caves east of Mitchell, Indiana, while Lost river shows it 
still better. In both cases the roof has collapsed back for considerable 
distances and in each there are cases of collapse above the mouths of the 
caverns where either the cave or the stream is brought to light. 

When this stage of the drainage has been reached sinks have developed 
over most of the region on the interstream spaces as well as near the 
streams and most of the drainage is subterranean in the stricter sense of 


the word. ‘This stage shows the large sinks near the larger drainage lines, 


89 


surface or subterranean, and the smaller ones farther from them, as is 
illustrated in the piain scuthwest of Bloomington. When this stage has 
been reached—with sinks well developed over most of the region and col- 
lapse has begun at the exits of the cave streams—a region may be re- 
garded as in its maturity. It is only after the mature stage of the cycle 
has been reached that sinks, due to the collapse of cave roofs, begin to ap- 
pear in considerable numbers, and natural bridges, due to collapse of the 


cave roofs above and below a given point, begin to be developed. Solution 


Fig. 8. Spring at Leonards Mill (house in deep gulch south of Leonards 
school), showing similar features as preceding. Note water escaping all around the 
foreground. A portion of the water from the main spring is shown in the extreme 
lower left corner of the picture. The outlet for the sinks south and northwest of 
Leonards school. F 


sinks that happen to pe located above cavers may be, and frequently are, 
transformed into collapse sinks in the latest stages of subterranean erosion. 

When these features of collapse become prominent and much of the 
drainage has been Lrought to the surface again and collapse sinks are 
humerous, old age has been reached. 

The valleys produced by the collapse of caverns and the transforma- 
tion of subterranean drainage io surface drainage have a characteristic 
form that at once distinguishes them from ordinary drainage valleys. 


They are rather sharply U-shaped, with steep sides like a young valley 
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but with a fairly wide bottom and a blunt, steep termination at their heads. 
In these respects they resemble miniature glaciated valleys. When well de- 
veloped they may be shown on accurate topographic maps. Surface erosion 
begins modifying them at once and finally obliterates the evidence pointing 
to their origin. The final result of the subterranean drainage cycle is thus 
a surface drained peneplain. 

There is a lack of subterranean drainage in the old age stage of the 


eycle in the Bloomingten region. The whole sink hole plain of Indiana 


Fig. 9. More distant view of Leonard's Spring. ‘he main spring is seen back 
of the stone dam. ‘The water is issuing from a hole in the dam in the middle fore- 
ground. Note the steep, biunt end of this collapsed-cave valley. 


may be considered as in its maturity. Mowever, there are exposed in the 
sides of the monadnocks west of Harrodsburg certain old solution channels 
which probably represent the very heads of the subterranean channels of 
the preceding cycles of erosion. Indeed it is not improbable that the 
streams tributary to Clear creek on the west and north of Harrodsburg 


owe their present position in some degree to the location of former sub- 


a 


terranean creeks. These in turn were prefoundly influenced by the position 
of the previous Tertiary(?) surface streams. 

In «2 coastal plain the details of the cycle will be scmewhat different, 
but the essential fentures will be similar. The differences will be due to 
the physical characters and structure of the rock, the lack of previously 


establisned drainage lines and the relatively low elevation above sea level. 


Fig. 10. Leonard’s Spring, 8. W. of Bloomington, showing valley with spring 
in distance. 


PIRACY. 

At the time when the subterranean drainage is at the maximum it is 
subject to the same accidents as surface drainage, except that the modus 
operandi is different. Subterranean piracy falls under two distinct heads, 
the capture of one surface stream by another through subterranean drain- 
age, the easiest form to observe, and the capture of one subterranean 
stream by another. In each case there are minor varieties of capture such 
as one tributary by another, and self capture. Indeed these are probably 
much more common than the capture of one surface stream by another. 


If a surface stream flows a long distance over a rather gentle grade to 
reach a certain level while a competitor flows a short distance to reach 
a similar level it may capture the headwaters of the former through sub- 
terranean drainage, leaving the divide between the valleys intact. This 


Fig. 11. Emergence of cave stream, mouth of Shawnee cave east of Mitchell, 
Indiana. The roof of the cave at its mouth is well supported. Just back of this 
there are two large rooms connecting with the main cave, leaving a large area of 
roof unsupported. It has faulted down about six inches. The completion of this 
collapse might, in time, leave a natural bridge at the present mouth of the cave. 
The valley is a typical collapse valley. 


tendency is accentuated when the pirate is favored by the dip of the 
rocks, but frequently occurs in spite of the dip in cases where the 
dip is gentle. It is probably true that the only essential of such capture is 
that two streams lie one higher than tie other in a region of soluble rocks 
sufficiently close to each other to permit the final entrance of some of the 
waiter of the one to the other. Hxamples of such piracy are by no means 


wanting in the Bloomington region. 


Fig. 12. A distant view of the Leonards Mill locality (igs. 8 and 9), showing 
the form of the valley. The water from the Shirley Spring (Fig. 7) crosses the 
foreground. 


In order to make these specific cases fully intelligible it is necessary to 
refer to some length to the physiographic history and conditions of the 
region. The well preserved plain west of Bloomington appears to be a very 
early Pleistocene peneplain. This plain extends at about the same altitude 
throughout the extent of the map, except that it is visibly beveled toward 
the major drainage lines, as will appear later. The peneplain is much dis- 
sected in the nertheastern, southeastern, and western parts of the quad- 
rangle. There are mauy monadnocks to be found along the old divides or 
near the headwaters of some of the minor streams, rising from a little 


over a hundred feet to two hundred feet or more above this old plain and 
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reaching elevations of from a little under 900 feet to 1,000 feet A. T. The 
ones south of Kirksville are the best preserved and appear to be remnants 
of the very old Tertiary peneplain or, perhaps, base level. It seems prob- 
able that the whole regicn covered by the map and the higher, rougher 
parts of southern Indiana are a part of the Lexington plain of Campbell, 


reaching from the Cumberlaiid Plateau westward to the Tennessee river, 


Fig. 13. A monadnock southwest of Bloomington. It rises 115 feet above the 
surrounding plain. It is surrounded by sinks, especially on the north, west and 
south. 


the Indiana portion being a spur extending northwest from the type region 
at Lexington. It will be noticed that the elevation of the old plain and 
monadnocks (catoctins) is materially lowered as the western ‘edge of the 
map is approached. This is due to the surface dip into the West Fork of 
White river basin. A similar beveling will be noted on approaching Salt 
creek in the southeast corner of the map, and Beanblossom in the north- 
eastern corner. Even in xn extremely old peneplain this bevelling toward 
the main stream of the basin is the normai condition and should be ex- 


pected to be found on a rejuvenated plain. 
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The physicgraphic history of the region may be briefly summarized as 
follows: When the Pleistocene peneplain had been developed the genera! 
level of the land was but slightly above the present level of the bottom 
lands of the larger streams. The streams flowed at about the level of the 
present larger streams, while the divides between them looked much as 
they do at present when viewed from the old peneplain west of Blooming- 


Tig. 14. The Mitchell peneplain®, about 43 miles west of Bloomington. <A part 
of the Indian Creek basin. The plain is here 160 feet above drainage level. Entire 
drainage subterranean. 


ton. The valleys ot even the small streams were wide and their bluffs in- 


distinet. The landscape was wanting in angularity and was one character- 
ized by genily flowing curves. All the streams seem to have meandered 
considerably upon their valley floors, the larger ones to a very great ex- 
tent. Most of these features are well shown by the little streams in which 


®'The Sink-hole plain of Newsom. It is called the Mitchell peneplain since the 
country rock is the Mitchell limestone and it is typically developed at Mitchell, 
Ind., and southward, 
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the rapids have not yet reached the very headwaters and those which hap- 
pen to be preserved just as they were upon the sink-hole plain. 

The drainage was confined to the surface, since the streams and the 
water table were very pear the general surface level. After this condition 
had been thoroughly established the whole region was uplifted without con- 
siderubie tilting, to an elevation somewhat above that which it now pos- 


sesses, an elevation amounting to upwards of 200 feet. Following this the 


ig. 15. View looking northwest from side of monadnock shown in Fig. 15. 
Closed sink in middle ground. Beyond is the plain of Indian Creek valley. Present 
drainage subterranean. The remnant of a monadnock (catoctin) interrupts the even 
sky line just at the right of the center of the background. 


larger streams etched their channels to temporary base level, but soon 
afterward the region sank a litdle. As a result the streams flow at a level 
somewhat above the rock floors of their valleys. Other minor incidents oc- 
curred which have left their impress upon the region but which need not 
be discussed here. After the first elevation took place, rapids passed up 
the main streams cutting gorges in the vaileys. As these rapids passed 
the mouths of the tributaries the latter were left out of adjustment with 


the master streams and reached them by rushing over high rapids and 


Oi 


falls. Some of the larger tributaries reduced the lower parts of their 
courses with sufficient rapidity to prevent the development of extensive 
subterranean drainage beneath them, but this was not true of the smaller 
ones lying on the limestene plain. When the !arger streams left the smaller 


ones hanging high in the air, subterranean drainage began in earnest. The 


Tig. 16. Weimer Spring, Bloomington Waterworks. 


rocks were saturated with ground-water and near the mouths of these. 
streams was under an unbalanced static head of about a hundred feet. 
This water gradually flowed into the deeper valleys and was in turn re- 
plenished by more from above, and active underground drainage began 
and concinued in the manner already indicated, 


[720988] 
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Fig. 17. View from side of monadnock, showing great terrace deposits on 
about the level of the Mitchell plain a mile south and 4 miles west of Elletsville. 
A somewhat interrupted monadnock divide forms the sky line in the distance. 


Fig. 18. Gorge of the Cascade tributary to Rocky Branch north of Blooming- 
ton. his is a very small stream which has not reduced its whole valley to grade 
since the uplift. The valley profile is shown: the right side is clearest on account 


of the removal of the vegetation. 


gS 


On turning to the Blocmingten quadrangle sonte very peculiar drainage 
features will be seen. It will be noted that the headwaters of the western 
branches of Clear creek southwest of Bloomington and the eastern tribu- 


taries of Richland creek nearly west of Bloomington and north of Stan- 


Fig. 19. View of the same vailey, as shown in Fig. 18, looking in the same 
direction above the cascade, showing the old, wide valley with indistinct retreating 
sides. Were this valley developed in soluble limestones it is easy to see how the 
water might enter the ground above the cascade and appear as springs below it. 


ford Station frequently lie in deep valleys with steep heads. On the plain 
between these two creeks is a region which is drained by great sinks oppo- 
site the heads of these streams. <A little farther south Indian creek heads 
on this plain and continues a little west of south with gentle grade in its 
headwaters compared with the ones before mentioned. By following the 
valley at the head of Indian creek northward it will be discovered that the 
valley extends as far north as the race track west of the northern part or 
Bloomington, and that the water entering the large sinks just mentioned 
is really the water of the head of Indian creek. The same will be noted 
of the great sinks northeast and south of Blanche. The water, after enter- 
ing these sinks, appears in the deeply incised heads of Clear creek and 
Richland creek instead of continuing down Indian creek. In other words, 
Richland creek and Clesr creek have captured the waters of Indian creek 


by subterranean piracy. 
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This diversion of water was brought about by the location of the 
streams in question with respect to the rock structure of the region.’ The 
strike of the rocks is nearly north and south. ‘The lower rocks in the 
northeast and southeast part of the region are the soft, easily eroded 
“IKnobstones.” Salt creek, on account of its very large size, readily etched 
its lower course to grade and when the soft knobstone underneath the 
Mississippian limestone was reached it probably formed falls which rap- 
idly retreated headward and permitted proportionally early deepening of 
many of its tributaries. Throughout the central part of the region the 
heavy, resistant, Mississippian limestones form the country rock, dipping 
westward, through which no drainage channels completely penetrated. The 
headwaters of Indian creek lie upon these rocks and nowhere do they cut 
through them. In a large part of its course the soft shales, sandstones and 
thin limestones of the Mississippian formations form the upland rocks. 
The result is that Indian creek with long and gentle grade could not com- 
pete with Clear creek, a branch of Salt creek, in deepening the channels of 
its headwaters. In the west part of the region the soft formations of the 
upper Mississippian and the basal soft sandstone and soft shales of the 
Coal Measures or Pennsylvanian rocks form the upland. The Mitchell lime- 
stone forms the beds and basal part of the bluffs of the streams in this 
part of the quadrangle. Richland creek for the most part lies in these soft 
formations and flows a short distance to the west fork of White river at 
Bloomfield, reaching about the same elevation as Indian creek flowing twice 
the distance to the east fork of White river north of Shoals, in Martin 
County. Richland creek being thus favored soon reduced the valleys of 
fts headwaters below the level of Indian creek. his left the head of 
Indian creek 100 to 150 feet above the creeks on either side and its bed 
resting on soluble rocks. That is, Indian creek lay upon a table land of 
soluble rocks with lower streams on either side of it. The divide between 
Indian creek and Clear creek has been cut through and removed much of 
the way just southwest of Bloomingten. Thus the headwaters of Richland 
creek northeast of Stanford Station are at a level of GSO to 700 feet above 
tide and were cut into the top of the Mitchell limestone which dips west 
Trom the Indian creek plain into Richland creek valley, while a west branch 
of Indian creek lay at an elevation of SOO feet but a half-mile or a little 


more to the eastward. The divide between the two is formed of the shales 


* See geologic map accompanying 28th Ann. Rep. Ind. Dept. Geol. Nat. Res. 1904 
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and sandstones of the Uppet Mississippian. The result of this condition 
was that the water in the western branch of Indian creek, a mile or more 
south of Blanche, sank and reappeared in a great spring in the head of 
Blair Hollow a half-mile farther west. <A similar thing occurred less than 
a mile northeast of Blanche and again about a mile and a half farther 
northeast. These sinks are the largest, or most extensive, on the quad- 
rangle. As we approach the heart of the plain farther east the sinks be- 
come smaller and less conspicuous, the stmnaller ones not being shown upon 
the map. 

On the eastern side of Indian creek valley we have large sinks. One 
of these is just north of the Water Works pond. Here the drainage enter- 
ing the sink flows into the pond through Stone spring a few hundred yards 
farther south, entering the Clear creek valley, being diverted from Indian 
creek into which the surface drainage once flowed. Southeast of this there 
is a large sink east of the County Farm which receives the drainage of a 
large region to the north which normally belongs to Indian creek drain- 
age but appears at the surface as a large spring in the north side of the 
branch of Clear creek valley in the N. W. + of Sec. 24, nearly two miles 
south of the sink. The large sinks south and northwest of Leonards 
Schoolhouse have their outlet at Leonards Mill by the house in the head 
of the deep valley a half-mile south of the schoolhouse. Rags put in the 
upper sink are said to reappear at Leonards Mill. 

From the foregoing it will be seen that the headwaters of Indian creek 


have been diverted into Richland creek and Clear creek by subterranean 


Fig. 20. A somewhat diagrammatic profile of a section across the valley of 
Indian creek into a tributary of Clear creek on the right and tributary of Richland 
ereek on the left. he high points on either side of the figure are the old divides 
between the three drainage basins. It illustrates the manner in which Indian creek 
Das been robbed of ifs waters southwest of Bloomington. The dip of the strata has 
favored Richland creek. 


piracy. On the west this piracy is favored by the dip of the limestone and 
on the east it has taken place against the dip, which is very gentle. The 
sinks near the outlets ef the underground streams are large, while those 


more remote and younger are smaller. The smailest are not represented 
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on the map. There is anether case of piracy in the sinks near Kirksville 
whieh is of the same type as that just described. 

Other forms of piracy are probably much more common than the type 
described. That piracy occurs between adjacent subterranean streams 
seems very probable on account of the greatly varying levels occupied by 
them at different times and different parts of the same stream at the same 
time. This is facilitated by the fact that cave streams are below the level 
of the general water table and also because the falling of slabs from the 
roofs frequently clog the channels and temporarily fill the caves with water 
until further underground passages may be discovered and enlarged. It is 
impossible to cite specific Cases at present because caves have not been ex- 
plored with this object in view and because such cases will probably be 
ditlicult to recognize even under the most favorable circumstances. 

Cases of subterranean self-capture, capture of one tributary by an- 
other, or by the main stre;m or the capture of the main stream by a tribu- 
tary finding a short cut through a new channel are too common to be dis- 
cussed at length here. A glance at Hovey’s map of Mammoth cave is suffi- 
cient to suggest a mest complex and interesting set of captures and changes 


of level for some one to work out. 


RESUME. 


1. Extensive subterranean drainage is developed in interior regions 
only when they have been sufficiently elevated to allow rapid downward 
movement of the ground water and ifs easy access to drainage lines con- 
siderably below the generai level of the land surface. 

2. The conditions best facilitating subterranean drainage are regions 
well elevated with relatively impervious soluble rocks, well jointed and 
thinly bedded. 

3. In regions of low elevation the sinks may be largely collapse 
sinks, and, in soft, porous rocks, the channels rather irregular. 

4. The eyele of underground drainage may be stated as follows: It 
begins with surface drainage and in its youth develops subterranean drain- 
nge near the points of easy escape for the water. In its maturity there is 
the maximum of subterranean drainage and the lower parts of the caverns 
have begun to retreat by collapse while in the uppermost reaches of the 
stream the transforimation from surface to subsurface drainage may still 


be in progress. Old age is shown by the more general condition of eol- 


wer 
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lapse and the return to surface drainage. Briefly, it may be stated that 
the cycle is: surface drainage, partial subterranean drainage, and a re- 
turn to surface drainage. The final state is peneplanation or base leveling. 

5. In youth and maturity nearly all the sinks are solution sinks. 

G6. In old age many of the sinks are formed by collapse. Solution 
sinks may finally be transformed into sinks ef collapse. 

7. Surface streams resting on a plain of soluble rocks with streams 
at lower levels bordering them may have their waters diverted by subter- 
“anean capture. 

8. Piracy probably takes’ place between subterranean streams and 
between parts of the same stream. 


Bloomington, Indiana. 


’ 


References to the “carly pleistocene”’ peneplain in this paper should read “late 
tertiary (?),” since the eyele was interrupted at about the close of the tertiary or 
beginning of the pleistocene period. 
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Fig. 21. Hamers Cave east of Mitchell, Ind. The water from this cave fur- 
nishes the supply for the two Lehigh cement plants at Mitchell. The picture shows 
the overflow from the dam. Water higher than usual. 


Vig. 22. The “Gulf” of Lost river at Orangeville, Ind. Here the roof of the 
cave in which the river flowed has collapsed and the stream comes to the surface, 


Vig. 23.- A “Gulf” of Lost river above its outlet at Orangeville. The water 
vises to the surface at the right of the middleground of the picture and flows 
to the right and left, forming two streams, for a very short distance which sink 
and finally rejoin the subterranean channel. ‘The little pond on the left side of :the 
picture is one of the plazes where the water sinks. Just above the heads of the 
group in the middle background is a large cave, one of the abandoned subterranean 
ckannels of the river. The second, or present channel is considerably below the 
water shown in the foreground. Here a large area has collapsed blocking the lower 
channel and forcing the water to the surface, when it again finds new channels 
around or through the obstruction to its main channel again in which it continues, 


Wig. 24. Abandoned channel of Lost river mentioned in explanation of pre 
vious figure. 


Fig. 25. Phantom lake, near Toyah, Texas. A collapse sink where the sub- 
terranean stream is revealed. The roof, of Washita limestone, collapsed, filling the 
channel and forcing the stream to the surface—cave on the left—in a stream about 
six feet in diameter. It fills the depression formerly occupied by the roof with 
water and enters sinks in the immediate foreground to its channel below. 
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Fig. 26. <A diagrammatic figure illustrating che origin of Phantom lake. 


Vig. 27. Upper Dalton cave, part of Shawnee cave (ig. 11) east of Mitehell, 
Ind. The location of cross caves and a sink at this point caused a collapse which 
brings the stream to the surface for seyeral rods when it again continues in its 
subterranean channel, 
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Fig. 28. Lower Twin cave (part of Shawnee cave) looking north. Ilere the 
roof collapsed at a right-angled turn in its course where it appears to have been 
joined by another cave from the south. The location of a sink here caused a col- 
lapse similar to the preceding case. The water formerly flowed from the upper cave 


teward the east and then turned north into this opening—does at present during 
high water—but now occupies a cutoff between the two caves, 
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Fig. 29. Spring west of the large sinks north of Blanche. This is one of the 
sinks draining the western part of Indian creek yalley. 
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Fig. 381. Mouth of Wyandotte cave, s former location of an underground 
stream. 


Wig. 82. Old opening to one of the large springs draining the Strongs cave 
sinks four miles west of Bloomington. 
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THe Sutsur Gia. 
By ALBERT B. REAGAN. 


Among the Quileute Indians of the Olympic Peninsula, Washingtos, 
the little tots from four to twelve years of age dance a dance called the 
Shishi gig. What significance there may be in the name is unknown. Ir 
this dance the participants get their bodies into a stooped, almost sitting 
position and then dance a vigorous forward dance, as is shown in the ac- 
companying cut. At feasts and on special dance occasions, a prize is given 
to the child who can dance the longest in this semi-sitting position. Sides 
are taken and coaches cheer their respective aspirants on to get them to 
keep up the dancing. At these times the excitement runs high. The dance 


is an amusing sight 


SHISHI GIG DANCE. 


[8S—26988] 
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Notes ON THE SHAKER CHURCH OF THE INDIANS. 


By ALsert B. REAGAN. 


(Continued from page 71, Proceedings, Indiana Academy of Scienee, 1908.) 


The Shaker Indians of the West Coast are now taking steps to in- 
corporate the Shaker faith in an organized church. Judge Giles of Olym- 
pia, Washington, is now working up the articles of incorporation for the 
Indians. Soon they will have an organized church, a chureh by Indians 
and for Indians only. Temperance is their watchword; and healing the 


’ 


sick through prayer and laying on of hands and “shaking” over them is 
one of their tenets. The church about to be incorporated is copied in part 
from several denominations, besides imbibing the doctor—'‘tomanawis” be- 
liefs of the old times including a part of the “tomanawis” ceremonies. The 
Episcopal church furnishes the idea of chanting prayers'. The Catholic 
church furnishes the custom of burning candles during the service and the 
old custom of making the sign of the cross and the bowing of the knee 
when “Jesus-Man” is mentioned. The shaking, body-jerking, the contor- 
tions, the muscle-quivering, the wried face, and the hypnotic influence are 
derived from the shamanistic customs of the old times. Hypnotism and 
shamanistic intluence in general are the leading powers and are the things 
which actuate the Indian to perpetuate the religion. 

In talking with a ‘shaker,’ he will always tell you he has felt the 


aw 


“power” and that is why he shakes so hard. ‘It 1s the power of God tak- 
ing hold of him that makes him shake,’ he affirms. From the start if 
Was ny opinion that the “power” the shakers felt when shaking is hyp- 
notism. To satisfy myself I went in among the actors several times. At 
once I could feel the “power.” There was no mistake about it. I had 
often felt the same “power” at the old style medicine singings and dances 


from the Pueblo and Apache country to the land of the Norman Lion. 


1The chanted “doxology” in the church language of the Shakers is: 

“wax tsnahs mahah’ stee stah nah’ stee tah’ tsohn tohs pray’ kloh 
mahahs’ stee stah’,” 

Note.—The “stee’’ above is pronounced as though the first two letters were 
medium between ‘“s’’ and “t,” ranging between “st” and ‘ts’ in pronunciation. 

The accented words are much prolonged. 
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The power was undoubtedly hypnotism. The sensation produced was evt- 
dently that of hypnotic influence. 

Once while I was attending one of these shaker meetings one of the 
actors was hypnotized. This was February 16, 1909. He had been stand- 
ing with hands extended outward and upward for more than an hour 
while the shakers were dancing around him like the waves surging around 
a rock at sea in a stormy time. He was a novitiate at least for that night. 
He was trying to get the “power.” He got it. He jumped up and down 
and stamped the floor in a circular movement, then for some minutes while 
his hands whirled, gyrated and his muscles quivered and jerked in a horri- 
ble manner. So hard did he stamp that he broke a hole through the floor. 
Soon he threw his hands up over his head and fell heavily to the 
floor. As he did so his muscles quivered as though he were in the dying 
stage. His flesh then became rigid. At this climax his pulse ran down 
to 57; five minutes later it was up to 60. Then as the spell was being 
broken twenty minutes later, it ran up to 76. The spell lasted forty min- 
utes. Some of the Indians were seared, thinking the novitlate was dying, 
and rushed out of the hall. The performance over him was a complete 
hypnotie performance. The usual mode of removing hypnotic power was 
used. Hands were rubbed down his body and then the power thus gathered 
would be hurled to the four winds by a slapping, vigorous sliding of the 
hands across each other. When the ‘power’ was removed so that con- 
sciousness was restored, the novitiate entered the dance vigorously again. 

Effect of Shakerism upon the actors: The terrible shaking that has 
been mentioned here and in the previous article is bound to undermine the 
health of any person who will participate in it. Besides, the heating up 
of one’s self as is done in the shaker halls and then the going out of doors 
immediately afterwards, tend to the giving of colds to the participants, 
especially in the winter months. This undoubtedly, will lead to pneu- 
monia, consumption and death to many. Again, the horrid wrying and 
contorting of the faces will cause them to be wrinkled prematurely. 
The muscle-quivering and the hypnotic influence is bound, also, to have a 
damaging effect upon the nerves and mind of the actor; this dance is 
kept up all day every Sunday and from three to four hours every Thursday. 
Furthermore, in the doctoring of the sick the shakers are fanatical in the 
belief that shaking over the patient will cure it. ‘AIL shake—no medicine” 
has killed many an Indian and will in time decimate the tribes holding 
such beliefs. 
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Tue WRECK oF THE ‘‘SUTHERN.’’ 
By ALsert B. REAGAN. 
About 1850 a revenue cutter (7), the “Suthern” was damaged at sea 


in a storm; and, to save the crew, the captain ran the vessel ashore in 


the old mouth of the Quillnyute River near what is now the Indian village 


of LaPush, Washington. Immediately on grounding, the vessel was taken 
possession of by the Quileute (Quillayute) Indians. The savages boarded 
her and emptied her supply cargo inte the sea. The dried fruits and the 
flour they knew not how to use as they had never seen such things before. 
So they emptied the fruit overboard to get the pretty boxes. They also 
poured the flour into the surging surf that they might get the sacks to make 
into clothes. The money of the ship also fell into their hands. It was 
gold. ‘They had never seen go]d before. They knew not its value or pur- 
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pose. So they rolled the double eagles around on the beach and used them 
as disks in their gambling games. They also made prisoners of the crew; 
and for a time all were ill treated very much. Finally, Chief Howeattle, 
who was up the river at the time of the capture, compelled the Indians 
to release them. By this time the storm had pounded the vessel beyond 
repair. At that time there was no communication from the Olympic 
peninsula with the outside world. So Chief Howeattle had houses built 
for his now guests. He also furnished the houses as best he could with 
his meager means. He also gave the single men of the crew Indian wives 
that they migbt be more contented in their forced home; two of his sis- 
ters married members of the crew. For a considerable time the strangers 
were compelled to stay there. At last a note was got out to civilization 
by an Indian messenger; and, finally, they were rescued by another gov- 
ernment boat and taken to their respective homes, the men leaving their 
Indian wives behind with their own people. 

Time passed, and years. Finally, another government vessel hove in 
sight. It anchored in the bay and from it many presents “from the 
Father in Washington” and the white people who had been stranded there 
were brought ashore and given to the good chief and relatives. The gov- 
ernment also built Chief Howeattle a house and put a brick, fireplace 
in it for his saving the people of this vessel. They also furnished the 
house for him. But Mr. Howeatile was not permitted to enjoy his present 
long. A fire burned it to the ground. He, however, had the satisfaction 
of knowing that he had the good will of the white people and that he had 
done right. 

The wreck of this old vessel can still be seen at LaPush. In summer 
it is covered with sea wash; but in winter the waves carry the sand far 
out to sea. ‘Then, there exposed to view are the “irons” to remind one of 
the days of the wreck in that long ago and the change that has come over 
the country and the aborigines since that time, 
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Erect or Ick 1n Lakr Upon THE SuHore LINE. 
By Apert B. REAGAN. 


On coming to northern Minnesota last year, I visited several islands 
in Pelican Lake near Orr, in St. Louis County. The country in that region 
is very stony, mostly boulders of glacial origin. Around the borders of 
several of the islands, especially the low islands, there was a ridge of 
cobble stones and boulders, sometimes almost assuming the form of a stone 
fence. It struck my curiosity. It was spring, however, before I had solved 
the mystery. At the breaking up of the ice in the lake, a strong southwest 
wind drove the ice upon the islands on the wind-exposed sides to a height 
of over twelve feet in one case, a literal glacier being shoved inland. The 
ice being thus shoved forward and piled up on the land, shoved the loose 
rock of the shallow lake next the island inland so that the “moraine” thus 
formed was the stone wall I had noticed. It might also be added that 
some of the scratchings on shore rocks of lakes in this northern region 


may be due to the same local action. 


a 
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Tue Botse Forre [nptan ResErvATION IN MINNESOTA. 
By ALsBert B. REAGAN. 

The Bois(e) Fort(e) Chippewa Indians live in northern Minnesota 
on a reservation of the same name surrounding the beautiful Nett Lake. 
The reservation covers one whole township and eight fractional townships. 
Its eastern part is in St. Louis County, the bulk of it in Koochiching 
County. It contains a total of 103,862.73 acres, exclusive of the area of 
the lake. Of this area, 55,646.48 acres are allotted to 698 Indians, 48,216.- 
30 acres remain unallotted, and 434.64 is reserved for agency and school 
purposes. Of the 48,216.80 acres unallotted inuch of it has been reserved 
by the Government as pine lands and from time to time the timber on 
parts of the said lands has been sold under sealed bids, the closing out 
sale occurring September 15, this year. In all the timber on 9,533.7 


being sold September 15, 6,299.93 having 


acres has been sold, 5,255.77 
been sold previously. The other unallotted lands will be subject to settle- 
ment as homestead lands in the near future. There will also be something 
like 30,000 acres of Inherited Indian lands to be sold within the next 
two years. 

Nett Lake is in the east central part of the reservation. It is more 
than half a township in area. It is in the shape of a giant lobster’s 
hand with the claws pointing eastward, the large claw being the north 
digit. The lake is shallow and has a mud buttom. It is a rice field and 
a duck pond combined. In summer, it looks like a vast wheat field. {fn 
the fall it swarms with ducks and consequently is a sporting center for 
the hunters of all this northern country. 

The lands included in the reservation are well timbered. The princi- 
pal species represented are white and Norway pine, spruce, cedar, elm, 
cottonwood, oak, birch, and poplar. The latter two are the most abundant 
and will be of value some day as pulp wood. 

The land of the reservation is very variable in condition of soil and 
possible fertility. One-half of it is swamp and is known to the Indians 
as “Muskeg” lands. Over this area there is a stratum of peat from six 


inches to five feet in thickness. When once drained this will be the bes: 


land in the country. The non-swamp eastern part of the reservation is 
composed. of rock-ridges flanked with lower land. ‘These lower stretches 
are clay flats covered with black loam. On them grow birch and poplar 
forests; and when cleared they will make fine farms of the dairy type. 
Roots and grass do well on such lands. The ridge lands are the pine lands 
and will not be of much value, except for building sites and orchard loca- 
tions. 

The western part of the reservation that is not covered with “mus- 


keg” swamp is a sand region. On it grew much pine in the old times; 
but when cleared it will be practically worthless, as is some pine lands 
east of the south lobe of the lake. 

The region about Little Fork River is in the southwestern part of the 
reservation. It will make good farm land when cleared. Some open areas 
are fine meadows how. 

The surface material, except that on the ridges, was left on the re- 
treat of the glaciers. Its depth varies from nothing on the ridges to 200 
feet in the pre-glacial intervalley spaces. The irregidar dumping of this 
material and the partial filling of ancient valleys has produced the lakes 
of the country. In composition, this material varies very much. In the 
eastern part of the reservation it is composed principally of ground mo- 
raine materinlI—a blue elay filled with boulders. Some of these are found 
to be of local origin; others to have been transported from a region far to 
the north. At other places on the reservation, the formation appears to 
he practically pure sand. On the rock ridges the glacial debris is entirely 
wanting, but instead the exposed rocks show the glacial scratchings. 

The climate is very changeable in this part, ranging from 102 degrees 
above zero in summer to 6O degrees below in winter. The average summer 
is too cool for corn, and wheat has never been tried. Oats does fairly 
well. 

The Tidians have been allotted nearly twenty years; yet not one of 
them has ever made any effort to improve his allotment. As yet there is 
little inducement for them to improve them. ‘There is no market where 
they could sell their produce. Furthermore it would cost $100 per acre 
to clear the land, which is rather a big undertaking for a poverty-stricken 
Indian. In addition, there is rice growing in the lake and plenty of game 
in the woods and water fowl among tine rice in the lake. Why shoyld he 


Jabor to clear his land? 


Below is a surface map of the reservation, showing the formations 


as they occur. (The original country rock is not shown.) 


MAP OF THE BOIS FORT INDIAN RESERVATION IN MINNESOTA. 


The dotted areas are swamp, or ‘‘Muskeg.’’ to use the Indian term. ‘R” stands 
for rock ridge. The other kinds of land are designated on the map. Any one exam- 
ining this map could not blame the Indians for petitioning the Honorable Commis- 
sioner to have lien lands allotted to them for their swampy allotments. 


ConserRvATION PropteMs in INDIANA. 


By FREDERICK J. BREEZE. 

When the organized movement toward the conservation of natural 
resources began with the White House Conference of Governoi's in 1908; 
very little attention was given it. But wide publicity was given to the 
new undertaking, and because of the peopie’s faith in the integrity of pur- 
pose of its leaders, Roosevelt and Pinchot, the movement met with very 
general favor and enthusiasm. We had already seen the essential princi- 
ples of conservation successfully applied in the management of the Fed- 
eral forests and irrigation enterprises. Not only did the conservation 
movement stand out against the useless destruction and .waste of natura! 
resources, but also against the century-old policy of the government almost 
giving away its great resources of forests, water power, and minerals to 
corporations which were beccming gigantic monopolies. At once, conserva- 
tion became a scientific and economic problem. The rapid reforms that 
followed the agitation for conservation struck terror to the monopolies and 
individuals who were getting control of our great national possessions; 
and conservation has been compelled to fight against the crafty, powerful 
and insolent onslaught of certain vested interests. The history of the past 
year is primarily a story of this struggle. The fight is by no means over; 
but the National Conservation movement has gained some very decisive 
victories, and today conservation enjoys a very marked degree of popular- 
ity. Already the close observer can see the tendency of certain classes of 
men to eagerly support the conservation policies in order to secure public 
favor for themselves. Other well meaning people are insisting on becom- 
ing leaders of the movement, whcse enthusiasm surpasses everything except 
their deplorable ignorance of conservation itself. 

In view of the recent beginnings of conservation activity in our own 
State, it may be well to briefly recall to your minds some of the conserva- 
tion problems of Indiana. 

Two natural resources are almost entirely depleted, our great virgin 
forests and natural gas. While the removal of our forests was necessary 
for agriculture and the demand for lumber, yet it must be admitted that 
deforestation has taken place to a greater extent than the actual needs 
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of agriculiure called for. The criminal waste of natural gas is quite re- 
cent history; and the industrial consequences of its failure are painfully 
evident in the manufacturing cities of the gas belt. 

Our natural gas and primeyal forests belong to the past and are 
things therefore beyond the help of any conservation. But we have a 
great wealth of natural resources which need our most careful attention. 

Present Forests.—Our existing forests are made up of limited areas of 
primeval forest, and second-growth timber of inferior quality on our stream 
bluffs and other waste lands, and in the farmers’ wood lots. In the mat- 
ter of afforestation there must be an improvement in the character of the 
growing trees in the wood lots, which can only be brought about by scien- 
tifie forestal methods. Each farmer must be as competent in tree growing 
as in corn and wheat growing. In southern Indiana and along the streams 
of northern and central Indiana we have a large combined area of land 
too steep for successful field culture; and for the sake of soil protection, 
and for future lumber supply, these tracts should be kept in perpetual 
forests. In this matter of forests upon non-agricultural lands, there 
should first be a careful survey of such lands in order to form an accurate 
esiimate of the total area, and to determine what species of trees are best 
adapted to make a rapid growth of valuable timber. It seems quite safe 
to say that the present woodland areas are of sufficient acreage to meet 
all the needs for lumber within our own State, if the quantity and quality 
of timber grown will be what it should be. 

Soil Fertility —The most valuable natural resource of our State is 
its soil, and the maintenance of its fertility is of paramount importance. 
The loss in fertility due to poor agricultural methods is beginning to be 
keenly felt. The loss due to soil erosion in southern Indiana was ably 
presented in the Presidential address of two years ago. 

Sewage Pollution.—No conservation program can ignore the problem 
of keeping the state waters pure. Our streams must be brought back to 
their original purity. As our population becomes more dense, the need of a 
pure water supply becomes greater, and it becomes imperative that we 
stop polluting our streams with sewage. The turning of sewage and 
factory wastes into our streams is not only vicious from the standpoint 
of sanitation and aesthetics, but the carrying of sewage to the sea is a 
waste of certain elements of soil fertility which should go back to the tand 


instead of being lost in the ocean. 
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Coal Deposits and Oihcer Mineral Wealth.—In the matter of coal 
mining there must be a steady insistence that wasteful methods of coal 
mining must stop. In the mining of the best veins of coal, the layers of 
lesser value are left in such a condition that their removal in the future 
will be almost impossible. The securing of large dividends In the mining 
industry must not be at too serious a sacrifice of the future supply of 
coal. There also can be an enormous saving effected in the consumption of 
coal for heat and power by the general adoption of appliances for complete 
combustion. 

Water Power.—In this State, water power is practically an undevel- 
oped resource which is yet the property of the whole commonwealth and 
from the very nature of flowing water is not subject to private ownership. 
It is an outrage that our State laws enable individuals or corporations to 
get the control and profit of the available power of a stream simply by 
purchasing a power site and building a dam, without giving to the State 
one cent of revenue. There can be no more important thing in the con- 
servation progr apt} than to insist on the passage of laws that will clearly 
establish the neice that water power belongs to the State, and that will 
provide for the leasing of water pewer rights for a definite term of 
years at a reutal that will be fair to the power compalry and to the people 
of the State. 

Conservation of Public Health.—The campaign for public health has 
been carried on so efficiently by our State Board of Health under the 
leadership of Dr. J. N. Hurty that it is not necessary to do more than sug- 
gest that this phase of conservation must always be of the very greatest 
importance. 

Scenic Beauty.—Another phase of conservation should be the presery- 
ing of the natural beauty of the State. More and more will our State be- 
come crowded with artificial features; and the desire for beautiful natural 
features will be correspondingly greater. We must insist that the beauty 
of streams and hillside, trees and ficwers, and songs of birds are worth 
while, and that the future development of our resources shall not destroy 
these things. I hope that the Stiute Federation of Clubs will make this 
subject its chief conservation activity. 

Conservation Organizations.—Within the last few months we have 
seen the formation of organizations to do special work slong lines of con- 


servation. The value of these bodies will depend very largely upon the 
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ability and fitness of the leading members to be leaders in conservation. 
Any organization that expects to obtain and hold the support of the people 
of the State must have as its leaders the men who are engaged in scientific 
work in soils, waters, forests, public health, and kindred subjects. Any 
association to conserve or develop a natural resource must be conspicuous 
in having as its leaders men who have first-hand knowledge of the natural 
resources involved; and not be conspicuous by the absence of such men. 
It must always be kept in mind that the most important conservation work 
must be done by the farmers, and that no organization which is promoted 
by a self appointed leader can win the attention or co-operation of the 
workers in whose hands must rest the burden of real and enduring con- 
servation. 

State Agencies.—Let us not forget that we have permanent govern- 
mental departments whose work is along important conservation lines, 
such as Geology and Natural Resorrees, State Board of Forestry, State 
Board of Health, ete. We should see to it that the people have a chance 
to become better acquainted with the splendid w» & of these scientifie de- 
partments. Their usefulness is limited only by the amount of money ap- 
propriated for their use. We can do no better work than to insist that 
these conseryational agencies of long-tried efficiency be given more money 


in order that they may render still better service to the State, 
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Crustacea or WINoNA LAKE.! 
By Joun L. House. 


Two hydrographic maps of Winona Lake with descriptions have been 
published; one by Large (Proce. Ind. Acad. Sci., 1901) and another by 
Norris (Proc. Ind. Acad. Sci., 1901). The lake is situated in Kosciusko 
County, Indiana, about one mile southeast of the city of Warsaw. It is 
irregular in outline and has an average length of about one and one-eighth 
miles north and south and an average width of nearly three-fourths of a 
mile east and west with a large bay extending westward from the north 
end. There is comparatively only a small amount of shallow water in the 
lake as the bottom slopes off rapidly from the shores and reaches a maxi- 
mum depth of eighty-one feet. 

The fresh water crustacea are well represented in this lake both in 
variety of forms and in number of individuals. It is not probable that 
this list enumerates all the species to be found here. 

The material for this report was collected during the months of July 
and August of 1908 and 1909 in connection with the work of the Indiana 
University Biological Station. Many thanks are due to Dr. C. H. Higen- 
mann, Director of the Station, for the many courtesies and suggestions 
received. 

The Entomostraca were taken at about all hours of the day and night 
by means of the tow net, dip net and by pumping. The day catches 
showed very few forms near the surface even on cloudy days, but they 
were abundant near the surface from one to two hours after sunset until 
about sunrise. The nauplius forms were not numerous at the first of July, 


but became more abundant as the season advanced. 


‘Contributions from the Zoblogical Laboratory of Indiana University, No, 118. 
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The following list includes the species thet 
CRUSTACEA. 
Sub-Class Phyllopeda. 
Order Cladocera. 
Sididie. 


Sida crystallina Mueller. 


have been 


Pseudo-sida tridenta Ilerrick 

Daphnella excisa Sars. 
Daphnide. 

Ceriodaphnia reticulata  Tlerrick. 


Ceriodaphnia scitula Tlerrick. 


Ceriodaplnia lacustris DBirge. 
Scapholeberis mucronata 
Simoecephalus yvetulus Mueller. 
Simocephalus serrulatus 
minnehaha 


Daphnia Forbes, 


Daphnia retrocurva Forbes. 


Mueller. 


Ikoch. 


Daphnia pulex DeGreer. 

Daphnia hyalina Leydig. 
sosminidee. 

Bosmina cornuta  Jurine. 

Bosmina longirestvis O. I. Miller 

Gosinina striate  TTerrick. 
Lyneodaphnidie. 
Sub-family Murycercine. 

Muryeercus lammellatus O. b. Mfiller 


Sub-family Lynceinie. 
Acroperus harpee Baird. 
Alona quadrangularis Miiller 
Alona costata Sars, 
Pleuroxus procurvus Dirge 


Procurvus denticulatus. 


identitied : 


Sub-Class Copepod:i. 
Order Eucopepoda. 

Calanidee. 
Osphranticum labronectum  TForbes 
Diaptomus birgei Matsh. 
Diaptomus oregonensis Lilljeborg 
Diaptomus pallidus Herrick. 
Episcura lacustris Forbes. 

Cyclopide. 
Cyclops brevispinosis Tlerrick. 
Cyclops leuckarti Koch. 
Cyclops pulchellus  Ixocli. 
Cyclops signatus Ioch. 
Cyclops modestus  Tferrick. 
Cyclops capilliferus Forbes. 
Cyclops insignis Claus. 
Cyclops serrulatus Tischer. 
Cyclops fluviatilis Terrick. 
Cyclops fimbriatus Fischer. 


Cyclops prasinus Fischer. 


Order Siphonostomata. 
Lernreopidie. 
Specimen found on gills of the Black Bass (Micropterus 
salmoides), species undetermined. 
Sub-Class Ostracoda. 
Cyprididie. 
Cypridopsis vidua ©. If. Miller. 
Sub-Class Malacostraea. 
Order, Decapoda. 
Astacine. 
Cambarus diogenes Girard. 
Cambarus propinquus Girard. 
Cambarus immunis Tagen. 
Order, Amphipoda. 
Orchestidie. 


Hyalella knickerbockeri Bate. 


Order, Isopoda. 
Oniscidz. 
Porcellio rathkei Brandt. 
Asellidee. 
Asellus tomalensis Harford. 


The economic importance of the smaller crustacea is well known 
They form one of the most important food supply links between the lower 
plants and animals on the one side and the higher animals on the other. 
A small minnow about one inch long was kept for some time and fed on 
Amphipoda (Hyalella knickerbockeri). A small darter hatched from the 
egg and cared for by Mr. W. I. Lower was fed on Entomostraca, principally 
Ostracoda, until it was eighty-seven days old and was about three-eighths 
of an inch long. 

As parasites the small crustacea frequently cause great mortality 
among fishes, but so far only one parasitic form has been found in Winona 
Lake and that in extremely small numbers on the gills of the Black Bass 
(Micropterus salmoides). Examination of other fish and of the clams in 
the Jake failed to reveal other parasitic crustacea. 

Three species of crayfish were found. Cambarus propinquus was 
abundant in the streams flowing into the lake and also in the outlet, but 
was extremely scarce in the lake. Cambarus diogenes and Cambarus im- 
munis were found only in burrows along the shore and along the edge of 
the streams and in the adjacent low ground. The burrows are from two 
to three feet deep and contain six to eight inches of water at the bottom. 
Where the soil is homogeneous they extend obliquely downward in almost 
a direct course, but in the presence of stones and other obstructions they 
wind about sometimes to a considerable extent. In digging the holes the 
crayfish work head downward and bring the earth up between the chele 
and the first pair of walking feet and deposit it by the aid of the second 
pair of walking feet. Attempts were made to get the burrowers out of 
their holes by pouring strong salt solution and also formalin into them. 
Sut the crayfish would die before they would come to the surface. ‘Traps 
at the surface were also resorted to without success and the only practical 
method of obtaining them was by means of a ditching spade which re- 
quired no small amount of labor. 

While the crayfish were always found in shallow water, under and 
among stones and sticks or in burrows, it was found that they could live 


in deeper water. One pair each of C. propinquus and C. diogenes were 
placed in a wire cage in six feet of water at the mouth of Cherry creek 
July 21, 1908, and were fed from time to time. They were alive and in 
good condition when taken out August 24, 1908. It was found, however, 
that they would not live in extreme depths. One pair each of C. propin- 
quus and C. diogenes were placed in a wire cage in forty-five feet of water 
and were in good condition two days later. But when placed in sixty-five 
feet of water they perished in less than twenty-four hours. 


dire scot 


135 


A MerHop sy WuicH Cover Guassks May se Usep 


ON Gouct Surpes. 
By D. W. DENNIS: 

It has been well known for many years that Golgi slides of the brain, 
spinal cord, ete., will go bad if a cover glass is put on them. 

Several years ago serial sections of a mouse’s brain were prepared by 
this method in the Harlham laboratory by Mr. Levi Peacock. Three years 
ago I concluded to sacrifice one of these slides in order to get a medium 
power photograph of some Purkinje cells, so the balsam was warmed and 
the cover glasses put on. Last summer the slides were still in excellent 
condition. I accordingly had cover glasses put on ail the slides last winter 
and they are still all in good condition. Tlow long a time must elapse after 
a slide is made before it will bear a cover glass without damage we shall 


now work out. 
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A TroptcaL REPTILE NEAR RicHMOND INDIANA. 
’ 
By D. W. DENNIS. 


A large reptile, Iguana tuberculata, was taken three miles from TRich- 
mond, Ind., in October. The man who shot it, a negro, undertook to carry 
it home by the tail and broke off what he estimates was a foot and a half 
of the end of its tail. What remains is about three and a half feet long. 
As this is a tropic species, we suppose that it must have escaped from 
some traveling show or from some private collection. No clue has been 
found. The skin will be prepared for the Harlham museum by Ward of 
Rochester. ; 
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A New Bet or TRILOBITES. 


By ANpREwW J. BIGNEY. 


It is conceded by those who have studied the rocks of Dearborn 
County that there are few sections in the country that are richer in in- 
vertebrate fossils. The Richmond formation is the outcropping stratum. 
In many places the streams have cut into the underlying Lorraine. During 
the past ten years the erosive action of the streams has been much greater 
than during any previous period of equal length of time. This is largely 
due to the removal of the forests from the hills and the cultivation of 
these lands for various crops. An examination of almost any stream shows 
the deep channels revealing new formations and rich beds of fossils, with 
interstratified clays. 

It was in such a place as this, one mile northeast of Moores Hill, that 
I discovered a small bed of Trilobites of the species Calymene (species ?). 
The bed does not measure more than three feet by four. The rocks are 
about three inches in thickness. It is of compact limestone, composed en- 
tirely of the trilobites, most of which have been partly dissolved and re- 
crystallized. Enough of the trilobites remain to enable one to recognize 
them. Nowhere in this section have there been so many trilobites found in 
any one place. Usually they are very scattering. Twenty-five years ago 
many specimens were found in various parts of the county, but I have 
never learned of so rich a find as this. In the same stream and not far 
away there are a few specimens to be found. This must have been an 
isolated portion of the ancient sea, especially favorable for the growth and 
accumulation of the trilobites. 


Tae OccuRRENCE OF CONGLOMERATE AND SANDSTONE OF Post- 
GLACIAL ORIGIN IN JEFFERSON CouNTY, INDIANA: 


By GLENN CULBERTSON. 

The city of Madison, Jefferson County, Indiana, has been built on a 
great sand and gravel bar. This bar is approximately three miles long, 
from a quarter to a half mile wide, and of varying depth up to sixty or 
eighty feet. It is composed quite largely of sand, gravel and pebbles of 
glacial origin, water worn and deposited by the Ohio river. The bar de- 
posit was very probably formed contemporaneously with the “second bot- 
toms” or the first terrace of the Ohio river, and during the time of flooded 
waters as the later glaciers were melting. 

Crooked creek, a stream some eight or ten miles long, which in glacial 
or preglacial times emptied into the Ohio near what is now the upper part 
of the city was deflected by these deposits, and now flows approximately 
parallel to the Ohio river for some three miles, emptying into the larger 
stream at a distance below the pumping station of the Southeastern Hos- 


pitai for the Insane. 


It is along the banks and on the slope to the south of Crooked creel 


— 


ca, 


Fig. 1. 


Ideal cross section of gravel bars and conglomerate deposits. Width of bar 
a b equals one-fourth mile; height m n equals 60 feet. 
(c) Bed of Crooked creek. 
(d) Position of thickest conglomerate and sandstone deposits, irregularly 
placed. 
(e) and (s) Other irregularly placed deposits of indurated rocks. 
(ab) Low water mark Ohio river. 
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that the more important sandstone, gritstone and conglomerate formations 
may be seen. Their outcroppings are especially noticeable along the slope 
south of Crooked creek, and between the large fill of the Pennsylvania rail- 


road and the bridge over Crooked creek op the Hanover road. 


So far as determined from sections seem in a few short valleys, on the 
ereek banks, and in a large gravel pit, the consolidated sands and gravel 
are more abundant on the side of the bar farthest from the river, and on 
the slope near the creek. Here the conglomerates and sandstones are in 
several irregularly placed layers which vary in thickness from a few inches 
up to six or more feet. The formations are not of uniferm thickness, and 
grow thinner the farther they are from the creek and the exposed slope. 
The accompanying ideal cross section of the portion of the bar from 
Crooked creek on the north to the Ohio river on the south in the locality 
above mentioned shows the relative position and general character of the 
formations. 

The cementing material, so far as tested, was found to be calcareous. 
Much of the stone is quite contpact and firm, but a part of it is more or 
less friable. In general the upper portion of any layer is the more indu- 
rated. In a few limited areas the upper surface of the conglomerate ap- 
pears to be cemented by material of stalagmitic character. By far the 
greater part of the formations, however, gives no evidence of the existence 
of cementing material of that nature or origin. 

The formation is peculiar from the fact that the cementation and con- 
solidation teok place above the water and in the absence of any consider- 
able pressure. In the opinion of the writer the cementation of the sands 
and gravels was the resolt of capillary action... ‘The waters of Crooked 
creek, which flow throughout their course over limestone and calcareous 
shales become at times strongly impregnated with calcium carbonate. This 
was preéminently the case when the stream was low at the time of a 
drouth. On the arrival of the waters et the place of the present conglom- 
ernte formations, the slope of the stream and the character of the bed were 
such that the movement of the water was very slow. Hence much of the 
water with its content of calcareous inaterial passed into the sandy and 
gravelly banks, and then was drawn up by means of capillary action 
through the firmer ciose-textured beds. On approaching the surface of the 


beds the water evaporated and left a residue of calcium carbonate. This 
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residue, on being deposited between the grains of sand, the particles of 
gravel and the pebbles cemented them together into the solid rock. 

The character of the beds of material uuderlying the consolidated por- 
tions is such that capillary action was not only possible but highly prob- 
able. The greater abundance and the grenter thickness of the indurated 
beds on the side of the gravel bar nearest the creek indicates that its 
waters were largely responsible for the presence of the cementing ma- 
terials. 

In explanation of the formation in places of material resembling sta- 
lagmite, it is probable that surface waters fowing over or through the more 
or less consolidated rock redissolved a part of the cementing material, and 
when such waters reached the surface of the soil or rock at a lower level 
they were evaporated and the calcium carbonate was again deposited in 


the form mentioned. 
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A PrystograrpHic Survey or tHe Terre Haute ArEa— 
Report oF PROGRESS. 


By CHARLES R. DRYER, 


The physiographic survey of the Terre Haute area reported last year 
has been continued during the past season and extended across the Wabash 
valley to the top of the east bluffs. <A strip six miles wide, north and south, 
has been completed, and we have been brought face to face with the prob- 
lem of the sand and gravel terrace, three miles and more in width, 50 feet 
above the river and more than 100 feet deep, which extends along the east 
side of the valley a distance of 30 niles. Within the area surveyed its 
generally level surface is traversed by several irregular north-south 
ridges, which rise to a nearly uniform height of 510 feet A. T. These are 
interpreted as being bars laid down by a loaded and probably braided 
stream. In some places these bars are capped by subsequent eolian de- 
posits. The materials of the terrace are everywhere fairly well assorted 
and stratified, with frequent cross bedding, where the strata dip down 
stream and suggest local delta formation. The strata in vertical section 
often display a great variety and testify to frequent local changes in the 
velocity of the depositing stream. Boulders up to two or three feet in 
diameter are common and are attributed to the melting of floating ice. 

The terrace heads 12 miles north of Terre Haute in Parke Co., where 
the Shelbyville moraine of the Wisconsin ice sheet crossed the Wabash 
valley. At this point the problem is complicated by the extension of the 
terrace up the valley of Raccoon creek to the northeast where it is more 
than a mile wide. The final solution requires the extension of the survey 
to the Shelbyville moraine and up the Raccoon valley to a distance not yet 
determined. This work has been begun, but is not yet completed. So far 
as studied, the terrace appears to be an outwash plain, or valley train, 
laid Gown by a constantly overloaded stream, or streams, which issued 
from the margin of the Wisconsin ice sheet. Whether this is the true in- 
terpretation, whether the train originally occupied the whole width of the 


valley, and, if so, what were the agencies and conditions of its removal from 
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the west side of the valley, are problems which we hope to attack in the 
future. 

The margin of the east bluff is capped by a broad ridge of sand, stand- 
ing 20 to 30 feet above the general level of the till plain to the east of it, 
and exhibiting in many localities characteristic eolian topography. The 
surface sands are underlaid by loess, and the whole deposit is interpreteé 
as having been biewn un by westerly winds from the valley below. 

The small streams from the east which break through the bluff have 
wide fiat-floored valleys opening upon the terrace with accordant grades. 
In their natural state, none of them ever extended their channels across the 
terrace to the river. Their waters, ponded in depressions between the bars, 
sunk into the sand or evaporated. The depressions are generally puddled 


with a thin coat of lacustrine silt. 
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Tue Work Dont sy Norma Brook 1N THIRTEEN YEARS. 


By Cnaries R. Dryer and MELVIN K. DAVIS. 


A small stream which enters the Wabash yalley three miles east of 


Terre Haute attracted the attention of the senior author of this paper many 
years ago by its remarkable meanders. Within a length of 1,000 feet it 
presents most of the phenomena characteristic of the lower Mississippi, 
and it has been visited so often by geography and geology classes from the 
Normal school that it has acquired the name of Normal brook. 

The stream rises by two principal forks which drain about a square 
mile of Illinoian glacial Gay plain, cuts through the east bluff of the 
Wabash valley and is lost upon the great gravel terrace below, by percola- 
tion and evaporation. Along the edge of the bluff the clay overlaid by a 
belt of sand dunes about half a mile wide, and the most interesting part 
of the stream, is that where it passes through the dune belt. A hasty 
survey of this part of the valley was wade in iS97T and a map of it was 
published in the Inland Educator for June, 1898S. During the past season 
(1910) a second and mere careful survey has been made and a comparison 
of the two maps shows the changes which have taken place in thirteen 
years. (See Figs. 1 and 2.) 

The part of the valley shown measures along the median line 1,150 
feet, while the stream, by its meanders measures 1,960 feet, an excess of 
6S per cent. In the upper 650 feet of the valley the length of the stream 
is 1,360 feet, an excess of 109 per cent. The valley floor, 100 to 200 feet 
wide, is flat flood plain bounded by bluffs 25 to 40 feet high. The ma- 
terial exposed on the floor is wnholiy alluvial, mostly sand with occasional 
bars of fine gravel and beds of tough, blue clay. In the valley floor the 
stream has cut a chaanel 20-70 feet wide and three to six feet deep. The 
stream is perennial and in ordinary stages is a thread of clear water four 
or five feet wide and six inches to a foot deep, which is much more crooked 
than the channel. In times of flood it fills the channel, but has never, in 
seventeen years of observation, overflowed the valley floor. 

Sharp zigzags, oxbow bends, cut-offs, caving banks on the outside and 


bars on the inside of the bends are numerous. 
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A detailed description of some of these features and the changes which 
have taken place in thirteen years, as shown upon the two maps, form an 
interesting demonstration of stream work. 

The island at I has disappeared. The horse shoe near M has been 
cut off, a beech tree removed from its center, and the whole area converted 
into flood channel. The next bend to the west has been widened and 
rounded (all done at two or three spring freshets), and the neck nearly 
cut through. ‘The sharp bend at D has also been widened and the tongue 
shortened. The cut-off channel across the neck of bend B, a foot deep 
thirteen years ago, has not been enlarged, and the cut-off, then apparently 
imminent by overflow, is now likely to take place soon by lateral erosion 
of the neck. The south bank opposite S has been cut back twenty-five 
feet, including a large beech tree. West of S the north bank has been cut 
back forty feet including a large maple. Near P the stream strikes and 
undercuts a boulcer clay bluff, turns to the north and ceases to meander. 
The general result is a notable enlargement of the area of the flood chan- 
rel floor, which has become a new flood plain, leaving the old one as a 
terrace. 
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The valley floor and sides are occupied by an open, park-like forest, con- 
sisting of oak, maple, elm, beech, hickory, basswood and other trees, mostly 
from two to three feet in diameter. ‘The sinailest one is eighteen inches and 
one beech is nearly four feet. ‘The area has never been under the plow, 
and has for many years been used as a pasture. Hvicently the stream 
channel is shifting rather rapidly from side to side, and the alluvial ma- 
terial has not been deposited in thin layers over the surface, but has been 
transferred from one side of the channel to the other by lateral corrasion 
and deposit. The trees do not check the process of lateral shifting in the 
least. If the stream comes against one it undermines and tips it over as 
readily as it cuts away its bank elsewhere. There is only one tree in the 
valley more than about 100 years old and that stands near the foot of the 
bluff. Therefore the inference seems justified that a complete shifting of 
the channel from side to side and a working over of all the alluvial ma- 
terial takes place about once every century. 

The most puzzling question about this stream is the obvious one, what 
makes it so crooked? At ordinary stages it carries almost no sediment, and 
ut flood it does not appear to be overloaded except on the inside of the 
bends. The valley is straight, the flood water channel is very crooked and 
the low water channel is still more crooked. The fall of the stream in 
19C0 feet of length is seven feet, or at the rate of 19 feet per mile, and in 
the upper 1,860 feet is 22.5 feet per mile, which equals the average fall of 
the Colorado river through the Grand Canyon. The fall in the lower 600 
feet is 10.3 feet per mile. The slope of the valley floor in 1,150 feet is 32 
feet per mile, but in the upper 650 feet is 42 feet per mile. Therefore the 
stream is most crooked where the valley slope is steepest. Its law seems 
to be, the crookedness varies directly as the steepness of valley slope. This 
supports the conclusion of Jefferson that “maturely meandering streams 
may be regarded as finding their slope too steep.”? 

It works in easily eroded material and the extraordinarily crooked 
portion of it is just where it crosses the belt of sand dunes. These facts 
indicate that a temporary and local excess of load may be one of the 


factors concerned in the problem. 


1 National Geographic Magazine, Vol. 13, Page 8 


Vig. 4. 


Abandoned bends at high levels show tht the stveam has been mean- 
dering for a long period. The fact that it no longer overflows its valley 
floor, but only the channel floor, means that it is slightly intrenched, is 
making a new flood plain at a lower level, as the cross profile shows 
(Fig. 2), and leaving its fermer flood plain as a terrace. In intrenched 
meanders cut-offs are rare, because they occur only where a neck is cut 
through by lateral erosion. The cut-offs of Normal brook are made in 
this way and not by overflow across a neck. In such cases the meander 
belt has no self-limiting width, but is restrained only by the bluffs. In 
Normal brook the width of the beit is about thirty times the width of the 
low water stream and not more than five times the average width of the 
high water channel. The present base level for the brook is the surface 
of the gravel terrace in the Wabash valley. The brook once emptied di- 
rectly into the river when it stood at a level ten or fifteen feet above the 
terrace. Therefore the brook has been subjected in post-glacial times to 
a fall of base level of that amount. Meanders acquired during a condition 
of higher base level and gentler slope may have been inherited and mod- 


erately intrenched by the present stream. 
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THE PateouirHic, NrouitrHic, Copper anp Iron AGEs oF 


SHELBY County, [yprana. 


By Wa GOrLrtimr: 


Exact date, I know not; but we will say nt least i,000 years ago. I 
will treat especially upon the mounds of Hanover township, known as Hog 
Back and Kinsley mounds. The former is 250 yards long, over 100 yards 
wide and was 65 feet at its highest point. As I study this prehistoric 
burial place I become convinced that it is a great deal of Nature’s handi- 
work, dating back to the drift period, because of the large boulders im- 
bedded in the great mass of choicest gravel. A valley between this mound 
and another very high ridge shows how the earth was taken therefrom 
and placed on top of the mound ridge, thereby forming a surface which 
caused the earlier white settlers to give it the name of Hog Back, much 
representing the razorback species. Old historic Big Blue River flows grace- 
fully past the east side of the mound, which rises abruptly to the height 
of 65 feet. On the north end flows a spring of sparkling water, which has 
quenched the thirst of countless ages; even.in this progressive period it is 
the camping and picnic ground for numerous persons each summer season. 

The land where this mound is located was entered by a Mr. Chadwick 
in Freeport, a smal! isolated village near Morristown, where the South 
Illinois Indian trail crossed Big Blue River. There was at oue time an 
appropriation made by the Indiana State Legislature for the improvement 
of Blue River up to this point, and on the opposite side of the river and a 
little below is a spot marked by the State Geologist where gold has been 
picked up, the retreat for many summers of Indiana’s most famous author 
and poet, James Whitcomb Riley, and immortalized by him. 

Some distance above the squat and burial-place of our pre-Columbian 
brethren which so beautifully overlooks the village lived a settler of pio- 
neer fame by the name of Pouge, who is supposed to have been killed by 
the Indians that had stolen his horses, when he with his gun followed the 
trail northeast of Indianapolis to a stream which took its name after the 
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settler. At this point it is claimed that he overtook the Indians and was 
killed, as he was never seen afterwards. But some years later a skeleton 
was found in a pit where a tree had upreoted, which was supposed te be 
the skeleton of the settler, being the last reminder of the Indians who no 
doubt buried their dead in sitting posiures in Hog Back, prepared originally 
by their predecessors, the Mound Builders. 

The mound is in an enclosure of about six acres always covered with 
blue grass and was undisturbed until fifteen years ago. Several very 
large beech trees are still standing on the same, aiso very Jarge stumps 
ot blue poplar trees. After the land was sold, the new owner at once be- 
gan to haul gravel and great destruction has taken place. Many skeletons 
have been taken out and their benes, along with the gravel, have helped 
to make the many good roads of Hanover township. 

Seven large spears and many ornaments of bone, mollusk, shale beads, 
ormaumented bear teeth, polished but not pierced, Beaver, Ground Tlog and 
Wildcat teeth have been found. 

Hxuipir i. The skull of this solon of the past is one of the most per- 
fiectly preserved specimens taken from Hog Back. Oh, if he could only tell 
What his cranium once possessed in knowledge! Ie was no doubt a Mound 
TLuilder, as he was found in nearly the middle of the great ridge and about 
seven feet under the surface. The carelessness of the gravel diggers was 
unfortunate indeed, as no other part of him was saved and what artifacts 
might have been buried with him were lost. 

The soul of the man 

The organ of thought— 

Tell me, if you can, 

What this man might have wrought. 

2. This broken Femur—see how it was stoved and how firmly it 
welded together. I would like to know the name of the prehistoric sur- 
geon! I took up a skeleton on the highest point twelve years ago of a man 
no doubt 90 or 100 years old, judging the age from the teeth. He was a 
very large man. His jaws were so huge that I could place them on the 
outside of my jaw and move my chin very freely. He had a broken left 
rib which was lapped together and healed very nicely. 

3. This banded Slate Bird Amulet, being the first of the slate arti- 
facts that were found in the mound, is what archieologists term the Duck, 
or Lucky Stone, and was tied on the bow of the boat to insure success 


for the day’s hunt and catch. 


4. This Mollusk shell, pierced with three holes, was upon the breast 
when it was found with the skeleton. 

5. This beautiful banded siate ceremonial was unearthed one month 
ago. It is a very valuable addition to archzological science. I Com- 
tend that this specimen is not a ceremonial tomahawk, but the ancient 
gaime stone, similar to the game of Diabolo recently revived over the world. 
A heavy sinew from the deer, such as the early Indians used for their 
bows, was no doubt placed through the unusually large square hole and 
then tossed into the air by means of a wand and kept in motion by 
applied science or practice. It shows very plainly where the strings wore 
grooves on the four corners of the hole through the ceremonial. 

This mound looks very sad today, as many hundreds of loads of gravel 
are hauled therefrom every year and soon the abode of early man will 
disappear. I will halt here long enough to say that Indiana is very slow in 
taking up the matter of preserving her Indian Mounds, a subject in which 
lam deeply interested, and I will make an effort to call the attention of the 


next session of the Legislature to this important matter. 
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COPPERVAGE: 


THE KINSLEY MOUND. 


So named because an old gentleman by that name owned the land, 
which is now inside the corporation of Morristown, Indiana, Hanover 
Township. 

We suspected this elevation to be 2 mound for years. Finally the land 
was sold and platted into town jots. Mr. Davis, who bought these certain 
lots began at once to haul gravel from the side of the mound, which is a 
perfect circle about 150 feet in diameter and not over seven feet high at 


the present, owing to the fact that it was under cultivation for many 


HROM KINSLEY MOUND. 


vears, Which bias worn it down several feet. Much to the surprise of the 


diggers, human bones began to appear, copper bracelets began to fall and 


tinkle, disclosing three bodies—that of a supposed Chief, his squaw wife 
and child squaw, having a total of 16 copper bracelets on their wrist- 
bones. (Of said number I possess 8 and show them to you.) Here are two 
wrist bones of the child, with two bracelets on them, as I found them 
minyself. My companion obtained the other arm and the two bracelets, be- 
ing a total of four that the child wore. We found over 200 beads of 
antler wampum in the dirt about the child’s neck. (Of the same I show you 
over 50.) 

Note the thickness of the bracelets about the wrists of the Chief, a 


size smaller about his no doubt conjugal squaw. 
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I have here some of the ash bed these bodies were buried in, which 
shows one inch thick in the soil. Also some splendid specimens of char- 
coal. The crania in general from this mound are in a miserable condition. 


Just one-half of this conical mound has been destroyed. I may yet 
obtain more valuable information when the remainder has been destroyed. 
Would that I possessed the same; I would restore and fence it about, let 
blue grass reign supreme, erect a suitable monument to these solons of the 
copper age, which could be readily seen from the C. H. & D. R. R., being 
not over 100 feet from the track; but alas, there is too much profit in the 


gravel, and man of this flying machine epoch must have the cash. 


KINSLEY MOUND. 


This part excavated. 
This part left intact. 
Three bodies were removed. 


2 
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The International Society of Archzeologists, of which I am an ardent 
member, is taking up the Science of Archeology and spreading it all 
over the world, enlisting support everywhere, and hope to do away with 
this wholesale destruction of the monuments, thus preserving them for the 
care and study of future generations, 
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Now one word or more, why we find so often three bodies buried to- 
gether, of man, woman and female child. This is my second observation, 
and others have related like observations to me. Did they cremate, or put 
to death first the favorite wife and female child when the chief and father 
died, to be buried with him, or what? What do you think, you members of 
this splendid Academy? 


IRON AGE. 


We are now in the Columbian era, when the Spanish and French and 
early English inhabited this section. ‘ihe center weapon in the illustration 
is a very finely preserved Halberd, plowed up about ten years ago. An ex- 
act counter part of this Halberd mounted, with its original handle, I saw 
in the Cincinnati Art Museum, which was loaned to the said institution. 
having been handed down at least 250 years. It was used with great skill 
te spear, climb forts, chop away an opening through the then dense for- 
ests, ete. 

The Spanish Bowie Knife was found recently in Morristown when 
digging for grading a hillside, by William Cremens. 

The Squaw Ax and peace pipe Tomahawk were both plowed up years 
ago and were no doubt made for the early Red Skins in this section, who 
were Miami and Ben Davis Indians, by the men that no doubt lost the 
Halberd. The early settlers, when on friendly terms, would exchange 
these handmade implements cf Ivon with the Indians for furs, pottery, ete. 

The two Spikes shown are from the first railroad built in Indiana, 
known as the Knightstown & Shelbyville Railroad. An old settler tells 
me that it is 52 years since he last rode on it. It was a flat bar system, 
wooden sleepers and a flat iron rail was spiked on with these spikes, which 
were found by my friend L. Cole on his farm in Hanover Township. The 
road crossed Main street in Morristown, where stood the old depot, and the 
two nails shown were taken from the building when it was torn down. 
My stepfather (deceased), Collins Wilmot Griffith, the first mill wrighter 
and pattern maker, that superintended the building of the first Flour Mills 
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and Foundries in this part of the State, in his years of retirement was the 
owner of the Stage line which operated between Knightstown and Shelby- 
ville. He also conducted the Hotel at Knightstown. The sad affair of 
building and putting this fast Railroad into operation was such competi- 
tion that he soon lost his fortune tied up in horses and stages. He con- 
tinued to conduct the Hotel and many belated passengers were his guests 
for several days at a time until the mishap on this slow Railroad was cor- 
rected. 

Thus I bring my Iron Age to a close. I have brought you from the - 
prehistoric past into history and there I close, with a mention of the pro- 
gression of 75 years—the Telephone, Hlectrical Achievements, Phonograph, 


Wireless Telegraphy, Flying Machine. 
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GROOVED AXES. 
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PITTED STONES, GROOVED MORTARS, HAMMERS, ALTAR STONE, HOES 
AND HEARTH STONES. 
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CELTS, GAGES, CHISELS. 
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PESTLES, MULLERS, MORTARS. 


Freprick W. Gorriies. 
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FaunNA OF THE Brazit LIMESTONE. 


By FE. C. GREENE. 


Prof. Chas. W. Shannon of Brazil sent to the State University a col- 
lection of fossils which he said came from a limestone just below the sur- 
face at that place. Later Dr. J. W. Beede of the State University and 
Mr. L. C. Snider sent in other collections from the same limestone at 
somewhat different localities in the same vicinity. 

The stratigraphic chart in the 38rd annual report of this department 
shows this limestone as occurring in Division If of the Indiana Coal Meas- 
ures. In the 23rd annual report of this department, Ashley gives the fol- 
lowing sections from this locality: 


Brazil. Ashley. 

Sec. 29. Sec. 31. 
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In other places in this vicinity, the limestone is only seven feet thick 
or may be wanting, while the underlying shale varies from 0 to 8 feet in 
thickness. The limestone is a dark-colored, bituminous stone, having an 
irregular fracture and the fossils are mainly white or light-colored. It is 
sometimes overlain by very fossilifereus, dark-colored, calcareous shale 


from which finely preserved specimens may be washed. 


FAUNA. 
Fusulinella Sp. Probably a new species. 
Lophophylum profundum M-E and H. 
Zeacrinus sp. (plates). 
Eupachycrinus tuberculatus Meek and Worthen. 


OT a coat ioe 


Eupachycrinus sp. (fewer but larger tubercles). 
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6. Archeocidaris sp. (plates and spines). 

7. Worm ec. f. Spirorbis anthracecsia Whitfield. 

8. Worm sp. (represented by burrows in the shell of Productus cos- 
tatus). 

9. Fistulipora nodulifera Meek. 

10. Stenopora spinulosa Rogers. 

11. Stenopsora ohioensis? Foerste. 

12. Stenopora tuberculata Prout. 

13. Stenopora ec. f. cestriensis Ulrich. 

14. Stenopora sp. Probably a variety of S. spinulosa. 

15. Stenopora 2 species. Probably undescribed. 

16. Fenestella limbata Foerste. 

i7. Fenestella modesta? Ulrich (reverse only shown). 

18. Polypora whitei Ulrich. 

19. Polypora spinulifera Ulrich. 

20. Polypora sp. (resembles P. cestriensis somewhat but differing 
from it in having much longer fenestrules). 

21. Pinnatopora sp. (reverse only shown). 

22. Septopora pinnata Ulrich. 

23. Septopora biserialis Swallow. 

24. Rhombopora lepodendsidea Meek. 

25. Streblotrypa distincta Ulrich. 

26. Cystodictya carbonaria Meek. 

27. Cystodictya sp. (resembles C. inequimarginata but has 5-6 rows of 
zoecia ). 

28. Prismopora sereata Meek. 

29. Derbya crassa M and H. 

30. Chonetes mesolobus N and P. 

31. Productus cora var. americana Swallow. 

32. VProductus punctatus Martin. 

33. Productus costatus Sowerby. 

34. Productus wabashensis N and P. 

35. Productus muricatus N and P. 

36. Produactus sp. 

37. Dielasma bovidens Morton. 

38. Spiriferina kentuckiensis Shumard. 


39. Spirifer cameratus Morton. 


kya 


40. Spirifer rockymontanus Marcou. 

41. Reticularia perplexn McChesney. 

42. Hustedia mormoni Marcou. 

43. Seminula argentea Shepard. 

44. Aviculopecten occidentalis Shumard. 

45. Aviculopecten hertzeri? Meek. 

46. Myalina recurviorostris M and W. 

47. Maerodon carbonarious Cox. 

48. Schizodus harii Miller. 

49. Astartella varica. 

50. Allorisma terminale? Hall. 

51. Pelecyped sp. 

52. Cephalopod sp. (probably Tainoceras occidentalis Swallow). 

3. Griffithides scitula M and W. 

54. Fish tooth (fragment). 

The Brazil limestone is probably to be correlated with the Fort Scott 
limestone of Kansas, since a similar fauna has been noted by the writer 


from this horizon (Henrietta limestone) of Missouri and southeast Iowa. 
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PREPARATION OF E\THER. 
By P. N. EVANS. 


It is commonly stated that in the preparation of ether by running alco- 
hol into sulphuric acid kept at about 140 deg. Centigrade, while the opera- 
tion is nominally a continuous one, the acid acting catalytically, the volume 
of ether obtainable amounts to only about six times that of the acid used 
before the action is seriously impaired, soon to cease altogether. 

Various causes for this limitation have been suggested, including the 
accumulation of water formed in the main reaction, the formation of sul- 
phurie and sulphonic esters rendering the acid unavailable, and the actual 
destruction of the acid by reduction to sulphurous acid by the organic com- 
pounds present. Little or no experimental evidence is given in support of 
any of these hypotheses, and the present difference of opinion leaves the 
question still open. 

With the assistance of Miss Lena Sutton the writer is attempting to 
get more definite information as to the actual limits of the reaction and 
their cause or causes. At the time of writing the work has not proceeded 
far enough to provide the solution of the problem, but it nas already been 
learned that instead of the efficient limit being reached when the volume of 
the ether amounts to about six times that of the acid used there is no dim- 
inution of efficiency at about fifty times the volume, when ordinary com- 
mercial alcohol and acid are employed. it has been found, too, that the 
accumulation of water formed in the reaciion cannot be the inhibiting fac- 
tor, for it has been learned that it is practicable to start with highly di- 
luted acid and obtain the usual results, the acid evidently becoming con- 
centrated to the necessary degree by loss of water at the temperature 
ordinarily employed 

In order to determine the proportions of ether, alcohol and water in 
the successive distillates, they are submitted to fractional distillation, and 
the results compared with those from known mixtures in the proportions 
possible under the conditions of the experiment, assuming the alcohol used 
to have undergone the reaction with varying degrees of completeness. 

It is hoped to obtain further experimental evidence bearing upon the 


problem during the present academic year. 


Tite Surrace Tension TEMPERATURE CORFFICIENT. 


By ARTHUR L. FOLEY. 


Some fifteen years ago the author described a method of finding the 
surface tension of liquids by determining with a balance the force required 
to pull a frame of mica from the liquid.! A mica frame, cut in the form 


shown in Fig. 1 is suspended from one arm 


re) of a sensitive balance and the lower edge 
lebetilede dttclrte i.e tele my 


(a-b) of the upper strip of mica is brought 


into contact with the liquid. The liquid is 


then gradually lowered while the pointer of 

Fig. 1. the balance is kept at the turning point by 

adding weights to the other pan. Eventually 

the downpull of the liquid and film is exceeded by the weights on the other 

arm of the balance, the mica frame is pulled suddenly upward, and the 

film breaks. The frame is then weighed while still in the liquid. The 

difference between the two weights gives what is called the maximum 
weight, from which the method takes its name. 


The surface tension is given by the equation 


awe: 4 dPt*g _—itg 
~ 2(1—t) © 40+) 4(1-+t) 
Where T=surface tension in dynes. 


Ni dal*t® - 4w (lt) id. (1) 


w=maximum weight. 
l=length of frame (between legs). 
t=thickness of frame. 
d=density of liquid. 
g=acceleration due to gravity. 
When the frames are thin one may use the simple equation 
SS 
T=)" (2) 
The maximum weight can be determined again and again with sur- 


prising uniformity. Even when one uses mica frames differing greatly in 


‘Proceedings of the Indiana Academy of Science, 1895, p. 67. 
Physical Review, Vol. 3, No. 5, 1896, p. 381. 
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thickness the values of the surface tension calculated by equation (1) are 
quite concordant. In the article already referred tc the author gives re- 
sults for frames ranging in thickness from .0013 cm. to .02067 cm., the 
greatest variation being less than six-tenths per cent. Equation (2) 
gave results with a maximum range of four per cent. the difference be- 
ing greatest for thick frames. But in practice it is not necessary to use 
thick frames. In the case of the variation of the surface tension with 
temperature all the measurements may be made with a single frame. In 
this experiment the frame was .0102 cm. thick and 6.642 cm. long. 
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Fig.2. 


Fig. 2 shows the arrangement of the apparatus for measuring the 
temperature coefficient of the surface tension of water between room 
temperature and 80°. A mica frame F was hung on a wire W attached 
to one arm of a balance—sensitive, at this load, to .002 mg.. The balance 
itself rested on a wooden box shown in section. This box had a door in 
front (practically air tight) with a double glass window through which 
the apparatus inside could be seen and the thermometers read. The 
wooden box enclosed a double walled tin box or tank T, with walls about 


ii 


eight centimeters apart on all sides except in front of the glass door. T: 
was a copper vessel or tank connected by lead tubes In and L, to the tank 
T,. Both tanks were filled with oil. The oil in the tank T:, heated by one 
or more bunsen burners, passed through the tube L, into the tank T, and 
finally back through In into Ts. A stirrer, driven by an electric motor, 
aided in producing a rapid circulation of the oil. Tank T: and tubes In 
and L, were wrapped with several layers of asbestos paper. 

From a flask not shown in the figure water was siphoned to and 
through the tube G: into the evaporating dish D:. An overflow G, served 
to keep constant the depth of the water in the dish. The excess of water 
dropped on sponges S in an evaporating dish D,, itself drained by the tube 
T,. The sponges served to keep the space inside the box saturated with 
watery vapor, or nearly so. An inverted evaporating dish D, served to 
enclose almost completely the frame and liquid and thus insure the satura- 
tion of the space abcut the film on which the measurements were made. 

The dish D: rested om a wooden platform P supported at one end by 
a hinge and at the other ead by a cord C passing over a cylindrical metal 
rod which extended to the outside of the box. The height of the water 
surface was slowly raised or lowered by twisting the rod. 

A thermometer ti gave the temperature of the oil, t, the temperature 
of the water, t, the temperature of the space immediately above the water, 
and t, the temperature of the space outside the inverted evaporating dish. 
No measurements were made when the thermometers t., t,, and t, differed 
by more than a few tenths of a degree. This necessitated a wait of from 
one to five hours between readings at different temperatures. Three series 
of readings were taken, each requiring a continuous run of from ten to 
thirty-six hours—depending upon the number of observations made. 

Owing to the condensation on the wire W where it passed through the 
opening in the tank T, it was not practicable to carry the observations 
higher than 80°. An effort was made to prevent this condensation by driv- 
ing gently through the opening a stream of warm air from the outside. 
But this interfered somewhat with the action of the balance and the satu- 
ration of the space inside. It did not occur to the writer at the time to 
try heating the wire by means of an electric coil. 

For temperatures below room temperatures the asbestos was removed 
from the tank 'T: and the tank was surrounded by a large vessel containing 
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water and ice, or ice and salt, depending on the temperatures required in 
the tank T,. 

The water used in this experiment was first distilled in the usual 
copper still, then with potassium permanganate in glass, then twice again 
in glass. Just before using the water was boiled for fifteen minutes to 
drive off absorbed gases, and then rapidly cooled by placing the flask in 
ice water. The water was siphoned from the flask through a glass siphon 
with a cock which permitted the flow to be adjusted at will. Before open- 
ing the cock the water in the flask was each time brought to approxi- 
mately the temperature indicated by the thermometer t, It was then 
passed through the tube Gi (which had a length of some fifty centimeters 
inside the oil) into the dish Di. Sometimes the measurements were made 
with the water in D: at rest, sometimes with the water flowing very 
slowly from the tube, this giving a fresh surface as free as possible from 
absorbed gases or contamination of any kind. 

The author feels sure of all his data except bis temperature measure- 
ments. The thermometers used were bought for high grade instruments. 
It was the intention to calibrate them at the conclusion of the experiment. 
By accident they were placed with some others of the same kind and so 
could not be identified. 

The results obtained in this investigation are given in the following 


table and are plotted in Fig. 3. 


Temperature Tension in 
of the Water— Dynes per cm. 
07 
esse ais fevereie cys wenge cre nemevais chet cvile) SiSve tunics isp elueiiavs Seve ecegene Ne Oke 74.95 
Rts Gas fra roan ta etarate Veo Ua hy ele tad ty cure seh oiee eran) Pel NOs diaries Shea) 
ICO} (arnt nea Pcie tin ois Se ran Gey De ROR PORTERS oro 73.667 
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From the plot one obtains the following values: 
Surface tension at 0° C.—75.5 dynes per cm. 
Surface tension at 18° C.=72.6 dynes per cm. 
Surface tension of 80° C.=62.6 dynes per cm. 
Temperature coefficient—.161 dynes per cm. 

T. Prector Hall’ gives the following values: 
Tension at 0° C.=75.48 dynes. 
Tension at 18° C.=72.96 dynes. 
Tension at 80° C. (calculated )—64.28 dynes. 
Temperature coefficient—.14 dynes. 

Hall tabulates the results of nineteen different investigations by 
fourteen investigators giving a mean of all of Tension=75.4 dynes at 0° C. 
und temperature coefficient ranging from .141 dynes to .204 dynes per cm. 
Hall adopts .14 dynes as the most probable value. 

It will be observed that the author’s result for the tension at zero 
temperature agrees with the results obtained by others, but that his values 
at higher temperatures are considerably lower, giving a much larger tem- 
perature coefficient. The differences are entirely too large and too regular 
to be attributed to experimental errors. 

Hall claims that absorbed gases tend to raise the surface tension of 
water and to increase the temperature coefficient. He claims also that the 
surface tensions of different samples of water are not the same. The 
author rather inclines to the view that the smaller values obtained at 
higher temperatures in this investigation are due to the fact that the 
measurements were made on water in contact with air saturated with 
watery vapor, while the conditions under which most of the other investi- 
gations have been made give the tension of water in contact with moist 
air, but not saturated air. Perhaps the actual temperature of the film 
under such conditions is not given correctly by a thermometer placed in 
the liquid. Evaporaticn into the air lowers the temperature of the surface 
film—possibly considerably below the temperature of the body of the 
liquid. Whatever the actual magnitude of this effect may be, it tends al- 
ways to give too high values for the surface tension at high temperatures— 
the drier the air the higher the values. 


2 New method of measuring surface tension. Philosophical Magazine, Novem- 
ber, 1898, Vol. 36, p. 412. 


181 


OpskCTIONS To LAPLACE’s THEORY OF SURFACE TENSION. 
(Abstract. ) 


By ArtTHuR L. FOLEY. 


Laplace’s Theory of surface tension attributes the contractile force of 
liquid films to the attraction of the molecules immediately below the surface 
of the liquid for those on the surface, producing a tendency for the surface 
molecules to move into the interior. The magnitude of this force would 
depend on the curvature of the surface and would be greater at a convex 
surface than at a flat or concave surface. Consequently the rise of water 
in a capillary tube would be due to the fact that the downward pressure 
of the film outside the tube is greater than the downward pressure of the 
film inside the tube. 

This theory does not call for a negative pressure under the film inside- 
the tube. It calls for a positive pressure, but slightly less than the down- 
ward pressure outside. The liquid then would be forced wp the tube by the 
outside film pressure. It would appear then that any variation of the 
pressure either inside or outside the tube should be followed by a change 
in the height of the capillary column. Some simple experiments give re- 
sults that are at variance with the theory. 

Take a long capillary tube with its lower end extending some distance 
into the water and note the height of the capillary column, Drop some soap 
solution on the water outside the tube and thus lower the tension outside 
If the liquid is supported by the excess of pressure outside the tube, the 
height of the capillary column should be lessened. On the contrary the 
height remains constant for some time—hours even—until the solution has 
had time to diffuse into the tube. 

Repeat the experiment this time introducing the soap solution into 
the capillary tube by means of a very fine capillary tube. The tension in- 
side the tube being reduced (demanding a reduced pressure inside) and 
the outer pressure remaining constant, 1t would seem that the excess of 
the outside pressure would be increased and that the water should there- 
fore rise in the capillary. Instead of rising it immediately falls. 
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THe VARIATION IN THE Ratio oF THE SpeciFiIc HEATS oF A 
Gas AT THE TEMPERATURE OF LiquiIp AIR. 


By C. M. SMITH. 


INTRODUCTION.—The value of the ratio of the specific heat of a gas at 
constant pressure, to the specific heat at constant volume, ;— —” has 


occupied the attention of physicists since the time of Newton. It was well 
understood by him that the values for the velocity of sound in a gas as 


ealeulated from his formula V — \ elasticity , were not in accord 
density 
with observed values, and being impressed by this discordance he was 
moved to make certain violent assumptions concerning the relative magni- 
tudes of the gas molecules and the inter-molecular spaces, together with 
the relative velocities of sound in each. The true explanation of the 
discordance was first suggested by LaGrange, who pointed out that the 
elasticity of a zas might be augmented faster than its density, under com- 
pression, although it remained for LaPlace, in 1816, to develop the complete 
theory, and elucidate the necessity for regarding the adiabatic changes in 


volume, the modified equation being V - elasticity < k, where k is 
density 


the ratio of the adiabatic and isothermal elasticities, likewise the ratio of 
the specific heats. Since that time more than a score of investigators have 
occupied themselves with the determination of the value of k*, under the 
various conditions of temperature and pressure, and the importance at- 
tached to the determination of k will be apparent from the following 
considerations. 

With a value of k assumed as known, its use in Newton’s equation 
is convenient for studying various physica! constants of a gas, and in 
small quantities of the gas, values of the velocity of sound and specific 
heats may be determined cr compared. Furthermore a knowledge of the 


1 For an exhaustive review of the history of the problem, see Maneuvrier, Jour. 
de Physique, 4, 1895. 
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value of k is important because of its entrance into several of the funda- 
mental equations of therniodynamics, and also because it furnishes an ex: 
cellent criterion for the correctness of the assumptions made in the kinetic 
gas theory, concerning the distribution of the energy within the molecule. 
In view of these intimate correlations of the value of k with other funda- 
mental factors it is important to study its variation under different con- 
ditions of pressure and temperature for the same gas. 


For constant pressure Wiillner* found practically a constant value of 
k between O° and 100° C., for air. Witkowski* has found evidence of a 
variation in k with both temperature and pressure, from theoretical con- 
siderations. Luduc* shows that k should decrease with rising temperature 
and with falling pressure. Stevens’ finds a value of 1.34 for k at 1000°, and 
Kalihne® shows that & decreases with rising temperature, reaching a value 
1.89 for 900°. S. R. Cook,’, working with liquid air temperatures, finds 
the value of & for air to be 1.35 (nearly), and Valentiner® in an exhaustive 
study of the dependence of /: in nitrogen upon pressure, at liquid air tem- 
peratures, finds the value of k to increase, approximately in proportion to 
the ratio of the pressure to the saturation pressure for the temperature 
used. 


In this connection it was suggested to the writer by Professor Réntgen, 
that a study of the value of k should be undertaken for constant pressure 
and liquid air temperature, and under his direction the present work was 
carried out during the winter and spring semesters of 1901, in the Physi- 
cal Institute at Munich. Two series of observations were carried through: 

I. For constant pressure, the ratio of values of k for the tem- 
peratures of melting ice and boiling water was determined, the gas 
used being air, free from moisture and CO,. Values under these con- 
ditions had been determined by Wiillner (loe. cit.), and were here 
repeated as a means of checking the method. 


II. For constant pressure, the same ratio was determined over 


a range of temperature from that of the room, about 20° C., to that 
7 Ann. der Physik 4, 1878. 

3Sci. Abs. 3, 1900, p. 387. 

4Sci. Abs. 3, 1900, p. 29. 

5Scl. Abs. 4, 1901, p. 847. 

® Ann. der Physik 11, 1903, p. 225. 

™Phys. Rey. 23, 1906, p. 232. 

8 Ann. der Physik 15, 1904. 
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of liquid air, boiling freely under atmospheric pressure, about —190° C., 
the gas in this series being pure nitrogen. 


Values were calculated for both series using the simple relations given 
in equation (6), and for series I the results were in close agreement with 
those of Wiillner. The assumption that Gay Lussae’s law holds for nitro- 
gen at low temperatures was however regarded as questionable, and re- 
sults for series II were not at that time published. Subsequently the 
density-pressure relation for low temperatures was investigated for nitro- 
gen by Bestelmeyer and Valentiner® in the Institute at Munich, and resulted 
in the establishment of the foilowing empirical relation between pressure 
volume and temperature :— 

piv=InT— (h.—h,T)p, where 7 is the absolute temperature, p is the 
pressure, and v is the specific volume, the constants having values 
Ii=0.27774, h.—0.03202, and h.—000253. This relation introduced into 
the general equations gives (13). Making use of (13) the data of series 
II have been recomputed, and the results are given in table IV. 

Subsequent to the experimental work of I and II, Valentiner’ has 
made use of the same apparatus used by the writer, with certain modifi- 
‘ations and improvements, for investigating the dependence of k upon 
pressure, for nitrogen, at liquid air temperatures. 

THEoRY.—The method used was that of Kundt’s dust figures. Two 
glass tubes, maintained at different temperatures, had set up in them sys- 
tems of standing waves by means of the longitudinal vibrations of the 
same glass rod. The frequency of the waves was the same within both 
tubes, and from measurements of the wave iengths, as shown by the dust 
figures, the variations in k could be determined. 

The velocity of sound in any homogeneous medium is given by the 
equation 


eg OP aa (1) 


where v is the specific volume, and p is the pressure, the negative sign 
meaning that a decrease in pressure corresponds to an increase in specific 
volume. It must be remembered that the standing wave in the tube has 
a wave length half as great as that for the progressive wave of the same 


® Ann. der Physik, 15, p. 61. 
Ann. der Physik, 15, p. 74. 


186 


frequency, and throughout { will be used to mean the inter-nodal distance 
for the systems of standing waves. For a perfect gas the adiabatic equa- 


tion (pvk- —rcnstant) must be used, whence 
op __p @) 
ov T v 
Substituting this value in (1) 
v2pk 
V2 = —- = kpv = 4n??. (3) 


¥ 
Let equation (3) refer to the tube B, Fig. 1, in series I, which contains 
air, and is at 0° C., and let a similar equation with subscripts apply to the 
tube A in the steam bath. 


V?, =k, p, vy =4n?, A*,. (4) 
ky 
Dividing (4) by (3) and solving for the ratio 
ine CLO Taw (5) 
kas vy 


From Gay Lussac’s law specific volumes are directly proportional to 
absolute temperatures, whence 
kes oe (6) 


From (6) the results given in table I are calculated. 
For series II however, using nitrogen at liquid air temperature, the 
p-v-T relation to Bestelmeyer and Valentine was used, 
p v=0.27774 T—(0.03202—0.000253 7’) p (7) 


Substituting in the fundamental equation 


(ho), 


for constant temperature, as determined by differen- 


) 4 kp (9) 
JQ vt (h,—h, T) 


and substituting this in (1). 


op 
od 


the value of 


tiating (7), 
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vikp k p? v? (10) 
Pe Le ae eae 


Writing equation (10) with subscripts referring to the tube B Fig. 1, 


y= 


as used in series II with nitrogen, at a temperature of liquid air, 


Dep ial 
i ERE ES ey (11) 
h,T, 
Dividing (11) by (8), 
ky p?,v", 4n?,7,h, Ty ky puvh,T,”, (12) 
= a ence SS SS 
k pv 4 n? i2 k p2, v2, 2? 
For normal conditions pv=-76 (1l+at), whence 

[Bee log 15) (18) 


—=—76(1+<at) 
k [2 p*, vy, 

The product p,’v,°, referring as it does to nitrogen at liquid air tempera- 
ture, must be computed from the empirical equation (7). Equation (13) 
is used for the calculation of results for series II, given in table IV. 


DESCRIPTION OF APPARATUS AND MertHop.—A general view of the ap- 
paratus as mounted for use is shown in Fig. 1, the essential features of 
which are shown in Fig. 2. Two glass tubes, A and B, Fig. 2, about 3.2 cm. 
in diameter, were bent at right angles, about 30 cm. from the ends, the 
horizontal portions being about SO cm. long. These were mounted on a 
rectangular frame of wood, a aaa. This frame was hung with its plane 
vertical, and was capable of rotation about a pivot at the point O. The 
entire structure could be tilted forward slightly about an axis XX’. A 
glass rod e f g, 100 cm. long, with enlarged ends, was clamped at points 
4 and 4 of its length from its ends, the supports for the rod at these points 
being of rubber, and serving at the same time to close the ends of the 
tubes. Through these rubber stoppers were passed small delivery tubes, 
for introducing the gas used. Adjustable pistons were inserted through 
similar rubber stoppers at c and d. The upper tube was surrounded by a 
double walled vessel made of tinned copper, and covered with a layer of 
heavy felt. This vessel had a closely fitting double cover, provided with 
mica windows through which the thermometers were read. It was also 
provided with inlet, outlet and drainage tubes, so that steam could be 
passed in and the temperature of boiling water indefinitely maintained 
about the enclosed tube A. A long trough was made of such dimensions 
that it could be raised up about the lower tube B, and when filled with 
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melting ice the temperature of B could be held at 0° throughout the neces- 
sary time interval. For the series II, a trough of special design to contain 


liquid air was used. This was made of three layers of thin sheet tin, with 


} 
' 
' 
; 


a U shaped cross section, nested together with thick layers of felt be- 
tween. This is shown in the lower part of Fig. 1. 

A small quantity of anhydrous quartz powder was placed in the tubes 
A and B, and uniformly distributed in a thin line along the bottom of the 


tubes by rocking the frame about O, and gently tapping the tubes with a 
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pencil. After this linear distribution of the powder the entire structure 
was tilted forward slightly about XX’, and the line of the powder was made 
to seek the lowest part of the tubes by gentle tapping. On tilting the 
frame back to its vertical position, the line of powder was raised slightly 
along the side of the tubes, and when the glass rod e f g was rubbed at 
its middle point with a piece of moistened flannel, its longitudinal vibra- 


tion was communicated to the gas in both tubes, setting up systems of 


foo tooo rr a 


A 


X x' 


ie. 2 


stationary waves, and causing the powder to fall down at the points of 
maximum disturbance as shown in Fig. 3. These festoon like figures were 
sharp and uniform, and capable of accurate measurement, the inter-nodal 
distances giving the wave lengths of the standing waves within the tubes. 
Each of the tubes carried near the ends of the horizontal portions, a pair 
of felt covered brass rings. To the under side of these rings could be 
quickly attached by means of set screws, the brass meter scale for measur- 
ing the figures. A sliding sleeve which could be slipped over the tube was 
provided with a vernier reading to one-tenth mm., which played over the 
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brass scale beneath, and on the sleeve was a fiducial line, in the form of a 
fine black wire. Three independent settings were made on each nodal point, 
the mean being taken as the position of the node. Since the figures were 
formed at temperatures different from those at which they were measured, 
the corresponding corrections for the expansion and contraction of the 
glass tubes were applied. 


Fig. 3. 


From such a series of measured inter-nodal distances the most proba- 

ble value of the wave length was calculated from the formula, 

(n—1) (a, —a,) + (n— 8) (An —a,) 
n (n® —1) 

Le eo 
where is the number of settings, and a,-a,-a, are the respective settings. 
The writer is indebted to Mr. P. P. Koch for a complete calibration of 
the brass scale used, in terms of the standard meter bar belonging to the 
Institute. Corresponding corrections have been computed and applied to 


all the measurements of both series. 
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PROCEDURE, SERIES I.—F or this series of measurements the tube A was 
kept at steam temperature, while the tube B was packed in melting ice. 
The tubes were first carefully cleaned, washed with acid and alkali solu- 
tions, rinsed and dried, then mounted in place as in Fig. 2. Dry air free 
from CO. was drawn through them for some time, meanwhile gently 
warming them with bunsen burners. A small amount of the quartz powder, 
previously heated and cooled in a dessicator, was introduced, and the dry 
air suction continued for some time. The apparatus was thep rocked and 
tilted as described above in order to effect a proper distribution of the 
powder, steam was admitted about A aud the ice bath placed about B. 
After a period ranging from one to two hours, with both tubes open to 
the atmosphere through the drying train, the glass rod was rubbed, the 
temperatures and atmospheric pressure were observed and the steam and 
ice baths were withdrawn. After some hours the figures were measured 
in the manner above described. The thermometers used were frequently 
compared with standards, and the temperature in the steam jacket was 
constantly checked from Standard barometer readings. One complete set 


of average wave tength measurements-is given in table I, and the data for 


eight such experiments, together with calculated values of ko are 
ky 00 
given in table II. 
Tube A, in Steam. \ Tube B, in Melting Ice. 
55.43 y, 63.73 2 
93.50 38.07 96.47 32.74 
132.13 38.63 129.23 32.76 
170.37 38.24 162.03 32.80 
208.80 38.43 194.50 32.47 
246.80 38.00 | 227.60 33.10 
285.13 38.33 260.80 33.20 
323.47 38.34 293.77 32.97 
361.60 38.13 | 326.03 32.26 
399.95 38.35 | 358.97 32.94 
438.17 38.22 391.63 32.66 
476.23 38.06 424.93 32.30 
514.33 38.10 457 87 32.94 
553.10 38.77 | 490.50 32.63 
591.20 38.10 523.10 32.60 
| 556.00 32.90 
589.17 33.17 
Most probable value of Most probable value of 
A = 38.262 mm. + 0.01, _= 32.838 mm. + 0.01, 
Oh 0!225 IM. er— 0279 


lable 1. 
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From the mean value of 2 from table II, it would appear that the 
value does not vary from unity by more than one-tenth of cne per cent. 
An unfavorable combination of errors could affect the single values by 
three-tenths of one per cent. 


Tube A, in Steam. Tube B, in Ice Bath. 
Exp. 7. meas. A cor. ‘Te abs: A meas. / cor. T. abs. =~ 

1 38.287 38.325 370.80 32.862 . 32.867 | 272.5 | 1.000758 

2 38.262 mf 38.299 " 370.76 32.838 “| 32.842 i | 1.000485 
- 3 38.303 - 38.339 371.12 32.860 af 32.864 cy, a 1.000707 

4 | 38.234 38.271 370.49 32.846 | 32.851 | | 1.001770 
eae 38.252 ae 38.288 i 370.67 32.843 | 32.848 | 1.001180 

6 | 3g275 38312 | 370. 87 ~~ 39.807 | 32.811 | 0.998216 

7 38231 | 38.268 370.84 | | 32.863, 32.863 \ 32.869 > Sa 1.003972 

8 a “38.291 “| 38.328 ¥ 370.91 sion | | 3 ae s 32.869 5 ee 1.001020 
oy ¢) eee aes eee sa mean 1.001013 

= 0.000376 
Table 2. 


Procedure, Series II. For the second series of measurements the pro- 
cedure was substantially the same as that for the first. Carefully dried 
and purified nitrogen was introduced into the tubes. The upper tube sur- 
rounded by cotton and enclosed in the double walled jacket, was allowed to 
assume the temperature of the room, its thermometer being read through 
the mica windows. ‘The lower tube, 2.2 cm. in diameter, was immersed in 
the liquid air bath, the top of the tube being 2 or 3 cm. below the surface. 
Temperatures of the liquid air were read by means of a constantan-iron 
thermo-junction and a sensitive millivoltmeter, which was provided with 
a calibration curve from the Reichsanstalt. These temperatures were 
checked by evaporating samples of the liquid air, mixing with hydrogen 
and exploding by means of an electric spark in a eudiometer tube. From 
percentages of oxygen thus found temperatures were interpolated from 
Baly’s curves." 


4 Phil. Mag. 49, June 1899. 
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Tube A, at Room Temp. Tube B, in Liquid Air. 
2 Hl 179.12 A 
44.88 34.30 196.75 17.63 
79.38 33.69 | 215.03 18.28 
113.07 34.83 233.33 18.30 
147.90 34.55 251.37 18.04 
182.45 34.70 270.20 18.83 
217.15 34.72 288.27 18.07 
251.87 34.35 306.15 17.88 
286.22 33.63 324.37 18.22 
319.85 34.72 342.60 18.23 
354.57 35.03 360.18 17.58 
389.60 34.10 378.80 18.62 
423.70 33.45 396.72 17.92 
457.15 35.02 415.43 18.71 
492.17 34.30 433.32 17.89 
526.47 34.95 451.18 17.86 
561.42 469.55 18.37 
487.75 18.20 
505.75 18.00 
524.03 18.28 
541.97 17.94 
559.82 17.85 
587.15 18.35 
Most probable value of t Most probable value of 
A = 34.421 + 0.016, A = 18.152 + 0.007, 
e = 0.44. e — 0.32. 
Table 3. 
Tube A, in Liquid Air. Tube B, in Room Temp. 
| | ' Heal = pre ky 
Exp.| Vm. | T.abs. | Ameas. | Zcor. | T.abs. | Ameas. | 7 cor. p. E 
oe | Ee ee ee ee eee Lt 
1 7.21 83.46 18.152 18.133 293.59 | 34.421 34.433 (72.55) 1.0477 
——|—-——— | wTPES =e 
2 7.23 82.85 18.096 18.076 | 294 84 34.502 34.514 (72.4 1.0498 
3 7.285 81.18 17.938 17.917 295 .24 34.555 34.512) toed 1.0553 
alto eee So lee 
4 7.225 83.00 18.011 17.994 296 . 84 34.704 34.706 72.0 1.0336 
5 7.200 | 83.76 18.195 18.176 296 , 04 34.593 34.606 (72.0 1.0464 
6 7.200 | 83.76 18.237 18.118 | 296 .64 34.608 | 34.623 |72.5 1.0523 
| mean 1.0475 
| | = 0.002 
Table 4. 


[13—26988] 
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About five liters of liquid air were required for an experiment. Thea 
tube was left in the bath for about one hour before the glass rod was 
sounded. Corrections were applied for scale errors and for the expansion 
of the tube prior to measurement. ‘The coefficient of expansion” for glass 
at liquid air temperature was taken as 0.00000738. 

One complete set of average wave length measurements for an experi- 
ment is given in table III, and the assembled data together with the caicu- 


k 

lated values of —1 are givep in table IV. The subscripts relate to liquid 
k 

air temperatures. All temperatures are referred to —273°.04 as the abso- 

lute zero’. 


: ky . : ; 
Any change in T will alter Jeon. inversely in about the same ratio. 
k 
Temperatures were probably accurate to one-fifth of one per cent. An un- 


rae ; k ; 
favorable combination of errors might invest ~* with an error of one- 
k 
half of one per cent. 
From the results in table IV it would appear that k for liquid air 
temperature is something more than four per cent greater than for ordi- 


nary temperatures, about 22° C. 


12 Phil. Mag. 49, June, 1899. 
13 Ann. der Physik 9, p. 1149. 


Purdue University, Dee., 1910. 


INVESTIGATION CoNCERNING THE RetcHERT-Meisst No. aAnpD 
THE Rate or DISTILLATION OF THE VOLATILE 
Actos 1n Butrrer Fart. 


By GEorRGE SPITZER. 


In 1906 J. Delaite and J. Legrand (Bul. Soc. Chim. Belg.) investigated 
the determination of the volatile acid. He found the R. M. No. to increase 
when saponification was continued from one-fourth to six hours. This 
they claimed was due to depolymerization. 

In the regular work of the laboratory no such variation was ob- 
served in the routire work of determining the volatile acids. The time 
of saponification varied from one to one and cne-half hours. 

To determine the effect of continuing the saponification on the per cent. 
of volatile acids obtained by the Reichert-Meissl process, 10 determinations 
were made using the same butter fat and following the A. O. A. C. method. 
(p. 189, 1908), the saponification being carried out under method (a), under 
pressure with an alcoholic solution of potassium hydrate. The saponifica- 
tion flasks were conipletely submerged in a steam bath at a temperature 
of 105° ©. This was done to insure a more uniform temperature during the 
time of saponification. 

The time of saponification varied from 15 minutes to two and one-half 
hours. The quantity of butter fat taken was as near five grams as could 
be weighed accurately. The result calculated on the basis of five grams. 

In distilling the volatile acids the conditions were kept as uniform as 
it was practical, the rate of distillation being so regulated that 110 c.c., 
the required amount was distilled in 30 minutes. 

Ten determinations were made. 'The results are shown in the follow- 


ing table. 
TABLE I. 
Showing the Effect of Time of Saponification. 
sltirrferimimintites =e. cfv-c/siescrsat ace eee 15 | 30 | 45 | 60 | 75 90 | 105 | 120 135 | 150 
ReicheriaMeissluNio' |. y-reraciiee es coe oe 28 .32 ches neat nae 28.29/28. 28}28.35 acti tice: 28.31 
Per cent. Vol. Acid as Butyric................ 4.98 sal ead 4.98 ne 4.$7| 4.99 el 4.97 4.98 
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Some allowance must be made in the time factor, slight saponification 
taking place before placing in the steam bath, also during the time of cool- 
ing after removing the flasks. But it will be observed that this factor was 
uniform for the 10 determinaticns. 


From the figures in Table I. no such variations are indicated as re 
ported. 


Some of the factors which influence the Reichert-Meissl No. 

Rate of distillation. 

Failure to remove alcohol (when used). 

Size of distilling flask. 

Absorption of carbonic acid and quantity of fat taken. 

All those factors are under the centrol of the operator and constant 
results are obtained by observing uniform conditions. 

The rate of distillation of the volatile acid by the Reichert-Meissl process, 
also the rate of distillation of the volatile acids by distillation with 
steam. 

In determining the rate of distillation of the volatile acids by the 

Reichert-Meissl process, the distillate was collected in fractions of 10 c.c. 


and titrated with =! NaOH. 
10 


The number of cubic centimeters of alkali required to neutralize 


10 
each fraction are tabulated in Table II, also the per cent. acid calculated 


as butyric acid based on five grams of butter fat taken. 


TABLE II. 
Showing Rate of Distillation by the R. M. Process. 


| 
g.| 9. | 10. | 11. | Total 


NO eee eesseseneseneeees ) 1. 2.8. heb ee LN 

q | 

CC ——NaOH:.... 6D | BiB) 8.4.18. 1°26 (2.2 | 1.9/1.5 | 1.3| 1.0 | 29.50 
10 | | | | 

Per cent. vol. acid as butyric 81 74 .67| .60, .53) .45) 38 


35) .2f et 17] 5.19 


From Table II it will be seen that the first fraction of 10 c.c. of the 
distillate contains 15.6 per cent. of the total volatile acid, uniformly de- 
creasing to the 11th fraction, which contains only three per cent. of the total 
volatile acid. 


19% 


Plotting the above results, the volume distilled as abscissa and the 


N 

number of ¢c.c. of —— alkali used to neutralize the distillate, we obtain the 
10 

following graphical representation of the R. M. process of distillation. 


ca ff Neon 


Fe oF 12.6 /é 49 e+e 25.8 272 2ET 


OF oF os 


bg PSHM AI ID 
oe 
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or as 
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of 


os 
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| 


The total number of ¢c.c. required to neutralize the volatile acid was 
29.5 ¢.c. corresponding to 5.19 per cent. of acid calculated as butyric acid. 
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By the Reichert-Meissl process, we obtain only a certain fraction of the 
total volatile acids and which is fairly constant if carried out under stand- 
ard methods. 

To determine the relation of the volatile acids obtained from the R.- 
M. process of distillation to the total volatile acids, distillation was made 
with steam. By this means it is possible to estimate the total volatile 
acids. The usual method of saponification and precautions were taken as 
in the RM. process. 

One thousand ¢.c. were distilled with steam and an alignment por- 
tion titrated which gave a total of 6.03 per cent. volatile acid as butyrie 
acid. In the R. M. process, 5.19 per cent. of acid was obtained from the 
same butter fat. Thus we see that only 86 per cent. of the total per cent. 
of volatile acids were obtained by the R. M. process. 

The Rate at which the Volatile Acids Distill by Means of Steam. 

The same methed was used as in the previous experiment in determin- 


ing the total volatile acids. ‘The distillation was collected in portions of 

50 ¢«.c. and titrated with — NaOH. Ywenty fractions were titrated and 
10 

the result shown in Table II. 


RARE) wile 


No.. < a Fe He al 2. 3 4. Dien | eit lari 8. | 9%. |, LOC ide 
C. C_—Na0H .|12.7 | 8.48 5.53) 3.66)2.4 1.52, 1.00} .70) .60} .45] .30 
Per Ped vol. acid as butyric ») 03, 1 36 89 59) .39|  .25] za -11) .08) = .06) .047 
NOs eee Sie Aina AS ea 12 js) (PES Los be ur | 18. |} 19. | 20. Total 

C. C.—Na0H.... ..| 30} 25 | 29 | 20} 18 | 15] 14] .13| 20] 38.74 
Faveant ¥oh acid as butyric... . ...| .047) .04 |) .03 | .03 | 028] .023) .022) .021| .017 6, 22 


The weight of butter fat taken for the experiment as shown in Table 
Il was 5.50 grams. The per cent. of volatile acid and distillate is based 
on five grams of fat. 

From Table II it is seen that the first fractions contained the greater 
part of the volatile acids, decreasing rapidly after the second fraction, and 
that the volatile acids are practically all distilled when 1000 cc. have 
been collected. 
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+ 


Plotting the cc. distilled as abscissa and the ce. of alkali re- 


10 
quired to neutralize the distillate as ordinates, we get a curve quite differ- 
ent from the one obtained by the Reichert-Meissl process. 


cco # Neon 
Tora oc P#.79 
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In distillation by the R.-M. process and distillation with steam, we 


meet with different conditions. 
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In neither case is the vapor saturated with the volatile acids of butter 
fat during the period of distillation and the liquids in the still are made 
up of water and the insoluble fatty acids. 

The vapor pressures of the volatile acids differ and their solubility in 
water and fatty acids influence the water of distillation. 

Of two acids having approximately the same vapor pressure, the one 
which is least soluble in the mixed liquid will distill the faster. 

Combining the factors, solubility in water and in the fatty acids, a 
mathematical expression for the rate of distillation becomes only ap- 
proximately true. 

Theoretically,’ if we do not keep the volume constant as is the case in 
the R.-M. process of distillation, that is by making no addition to the liquid 


in the still during distillation, 


; cl y 
The equation is pet = fie 
dx x 


Log y=a Log x+c or y= 


“ 


and integrating we get 


xe 

y equals amount of volatile acids left in solution and x amount of 
liquid left in still, the original amount being taken as 1. 

On the other hand, if the volume is kept constant as is the case in 
steam distillation x becomes constant. 

In this case we consider the quantity of water removed to the quantity 


of volatile acids left in the still. 


: ; ; dy : ; 
We then write equation — _——_ — ay. Integrating we get the equation 
dx 
—Log y=ax+c, or y= » 
ax 
y = amount of volatile acide left in solution, original amount being 


taken as 1; x = amount of water and volatile acids distilled. 
The above equations do not take into account the condensation in the 
still. 


1H. D. Richmond, Analyst, 1908. 
S. Young, fractional distillation. 
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A ConveENIENT [LaBporaTorRY DEVICE. 
Bye Ji 22 NAWaLOR: 


For the last year we have been using a little device at Minshall Labo- 
ratory that has proven serviceable in so many ways that it is thought that 
it might be of sufficient interest to other members of the physics Section to 
merit bringing it before you. Used in connection with the ‘Universal Sup- 
ports,” now so common in physical laboratories, the piece is so contrived 
as to be adapted to a large number of experimental purposes. 

The apparatus consists of a four and one-half inch circle divided to 
half degrees, and supported by a hollow spindle or axle. The spindle is 
earried by a sleeve, about three inches long, having at one end a strong 
crossbar. This crossbar is fitted at one end with a vernier reading on the 
divided circle to three minutes of are and at the other end with a slow 
motion screw and clamp arranged to act upon the cirele. The hole 
through the spindle will take a ten millimeter rod which can be clamped, 
by means of a screw, at any desired point. To this rod are attached the 
various pieces that make it possible to use the device in so many different 
ways. In fact, it is in the hollow spindle that the adaptability and genera! 
usefulness of the apparatus lies. 

Perhaps merely mentioning a few of the purposes for which it can be 
used will best suggest its adaptability in laboratory or investigation work. 
It can be used for measuring the torsion of wires by twisting, for the 
torsion head of an electro-dynamometer, for measuring the indices of refrac- 
tion of plane parallel plates, for measuring the angles of prisms, for mak- 
ing up a Kohirausch total-refiectometer, for measuring the indices of 
liquids by Wallaston’s method, for arranging a Wallaston’s goniometer, 
for making up a simple polariscope or sacharimeter, as a support for meas- 
uring the angular aperture of a microscope objective or photograph lens, 
and for many other purposes. In fact, the apparatus can be used in a 
large majority of cases where the measurement of an angle is an essential 
part of the work. The figure shows the use of the apparatus in making up 
a Kohlrauseh total-reflectometer. 
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FurtHer Notes on Tirmotuy Ruwvst. 


By A. G. JOHNSON. 


At the last two annual meetings of the Academy, papers on timothy 
rust, [Puccinia poculiformis (Jacq.) Wettst.], were presented by Mr. 
Frank D. Kern, and it is of interest to note at this time the present known 
distribution of the disease over the State as well as to record here the 
extension of its range into other States and provinces from which it has 
net been previously reported. 

As was predicted in Mr. Kern’s papers, the distribution of the rust 
has become more general. In this State it evidently occurs wherever timo- 
thy is raised. During the past season the writer has collected it at widely 
separated points, as follows: Mount Vernon (Posey Co.) on the south- 
west; Wirt (Jefferson Co.) to the southeast; Richmond (Wayne Co.), 
east central; Columbia City (Whitley Co.), Laketon (Wabash Co.), and 
Logansport (Cass Co.), nerth central; LaFayette (Tippecanoe Co.), west 
central. Besides these collections, specimens of the rust have been re- 
ceived from Mr. Guy West Wilson and Mr. C. D. Learn, both collections 
from Carmel (Hamilton Co.), central; and it was reported last year from 
Columbus (Bartholomew Co.). This covers the State in such a way as to 
lead one to be reasonably certain that the rust occurs throughout the 
State wherever its host does. 

In addition to the states and provinces from which the rust has been 
previously reported, specimens have been received from Dr. E. W. Olive, 
collected at Brookings, S. Dak., who reports it as commen there this year, 
although not previously seen; from Miss Irma A. Uhde, collected at Lake 
Okoboji, Iowa; and from Prof. W. P. Fraser, Pictou, Nova Scotia. These 
localities in addition to those noted in Mr. Kern’s paper last year make 
the known distribution of this rust in North America as follows. S. Da- 
kota, Minnesota, Iowa, Wisconsin, Indiana, Ontario, New York, Maine and 
Nova Scotia. 

In most of the specimens seen, especially those from Indiana, the sum- 
mer spores (urediniospores) were much the more abundant. Winter 


spores (teliospores) developed in some cases but not abundantly. In certain 
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places in Jefferson County, the rust in its uredinial stage was abundant 
this year. ‘The rainy seascn in the southern part of the State favored the 
development of the fungus. 

At LaFayette, on the Experiment Station farm, the uredinial stage of 
the rust is abundant in a timothy meadow, which was sown down this 
spring. The rust is most abundant in the low parts of the meadow, and 
even as late as at this writing (Nov. 22nd’) the rust sori are abundant on 
the green blades. 

The vitality of the urediniospores, collected at LaFayette, Ind., Nov. 
22nd, 1910, was tested by means of hanging drops in Van Tiegham cells. 
Spores were taken both from the green blades and from those that had 
been killed by the frost. While the former showed much the more vigor- 
ous germination, the vitality of the spores in both cases proved to be high. 
This shows that they have withstood the cold weather, thus far, very well, 
and points to the probability that the rust may be able to pass the winter 
here in the uredinial stage, as it is thought to do in Europe. 

From the above conditions it seems evident that timothy rust is in 
North America to stay, and its abundance will doubtless vary with the 
varying conditions that favor or check its development. Some of the 
conditions that seem to favor the development of the fungus are a heavy, 
luxuriant growth of the host on ground that tends to hold moisture, along 
with rainy weather with cool nights and moderately still, warm, but not 
hot, days. Obviously, the opposite set of conditions tend to be unfavor- 
able for the greatest development of the rust. 

While the best possible attention to both air and soil drainage will no 
doubt lessen the attacks cf the disease to some extent, yet its ultimate 
control doubtless lies in the field of the plant breeder. The production 
of a strain of timothy having a high resistance to rust, as well as having 
at the same time the best forage qualities, would be of vast importance. 


Purdue University Agricultural Experiment Station, Lafayette, Ind. 


118 F. is the minimum thus far (Nov. 22d) at Lafayette, according to the 
official reading of the U. S. Weather Bureau at this station. 
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InpIANA FUNGI. 


By J. M. VAn Hook. 


For many years fungous specimens have been collected at Indiana Uni- 
versity and from time to time a few have been added to the herbarium. 
During the past four years, many more of these have been identified, 
while still others have been collected and determined. It occurred to the 
writer that a preliminary list of these might be of importance to certain 
members of the Indiana Academy of Science. It is our intention to add 
to this number as rapidly as possible, with the view of obtaining ultimately 
as complete a list for the State as possible. So far, previous lists have not 
been consulted. No species is included, which has not come under my per- 
sonal observation. In a future paper, it is the writer’s intention to revise 
and extend the list with dates of first mention in Indiana, or, the possible 
time and method of introduction into the State. 

Practically all of the specimens have been collected in Monroe and 
Brown counties. The latter offers a fine field for mycological study, as 
some of the original forests still stand. A considerable number of speci- 
mens have been obtained in my home county—Clark. Its knobs with their 
deep hollows between, offer probably the best collecting ground in the State 
for fleshy fungi. 

So far, about 1,500 specimens have been classified. These contain some 
500 species distributed through approximately 175 genera. I am under 
obligation to Professor G. ’. Atkinson, Dr. C. H. Peck and Dr. W. A. Mur- 
riil for identification or verification of some of the fleshy and woody forms. 

No effort will be made to secure a long list of the rusts, as that work 
is already so thoroughly done by Dr. J. C. Arthur. The Myxomycetes will 
be studied in connection with the fungi. 

In order to facilitate the work ef a fungus survey of the State, we 
would kindly solicit specimens (especially of the Fungi Imperfecti group) 
accompanied with date, place of collection and host or substratum. 
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PHYCOMYCETES. 


Albugo bliti (Biv.) O. Kuntze. 
: candida (Pers.) O. Kuntze. 
« ipomcea pandurane (Schw.) 
Swingle. 
Mucor cucurbitarum B. & C. 
Phycomyces nitens (Ag.) Kze. 
Plasmopara cubensis (B. & C.) Hum- 
phrey. 
« viticola (B. & C.) Berl. 
& De Toni. 
Rhizopus nigricans Ehbg. 
Sporodinia grandis Link. 
Synchytrium decipiens Farl. 


USTILABINE. 


Doassansia sagittariz (Westend.) 
Fisch. 
Ustilago, levis Kell. & Swing. 


UREDINE#. 


Aicidium dracontii Schw. 
Czxoma nitens Schw. 
Gymnosporangium macropus Link. 
Melampsora populina (Jaeq.) Lev. 
Puccinia asparagi DC. 

M coronata Cda. 

2 graminis Pers. 

5 helianthi Schw. 

“ malvacearum Mart. 

e podophylli Schw. 

# sorghi Schw. 


4 violaceew (Schum.) DC. 
¢ xanthii Schw. 
Uromyces appendiculatus (Pers. ) 
Link. 


S caladii (Schw.) Farl. 


euphorbie Cke. & Pk. 
: howei Pk. 
55 trifolii (A. & S.) Wint. 


AURICULARIINE. 


Auricularia auricula-jude (L.) 
Schroet. 


TREMELLINEM. 


Exidia glandulosa (Bull.) Fr. 
Guepinia spathularia Fr. 
Tremella albida Hud. 


“ 


mycetophila Pk 


THELEPHORACE®. 


Aleurodiscus oakesii (B. & C.) Cke. 
Corticium coerulium (Schrad.) Fr. 
- scutellare B. & C. 
Craterellus cantharellus (Schw.) Fr. 
- cornucopioides (L.) Pers. 
Hymenochaete ferruginea (Bull.) 

Mass. 

Peniophora cinerea (Fr.) Cke. 
Sebacina incrustans Tul. 
Stereum bicolor (Pers.) Fr. 

e complicatum Fr. 
fasciatum Schw. 
frustulosum Fr. 
hirsutum Fr. 
sericium Schw. 
sowerbei Mass. 
versicolor (Schw.) Fr 
Thelephora palmata Fr. 


“ 


schweinitzii Pk. 


CLAVARIACEE. 


Calocera cornea Fr. 


Clavaria fusiformis Pers. 


ve mucida Pers. 


“ 


pistillaris Linn. 
“ 


pyxidata Pers. 
Sparassis crispa (Wulf.) Fr. 


HYDNACEA. 

Grandinia granulosa Fr. 
Hydnum adustulum Banker. 

ey adustum Schw. 
arachnoideum Pk. 
caput-meduse Bull. 
carbonarium Pk. 
combinans Pk. 
coralloides Scop. 
erinaceus Bull. 
laciniatum Leers. 
mucidum Pers. 
ochraceum Pers. 
pulcherrimum Pk. 
repandum L. 
septentrionale Fr. 
spongiosipes Pk. 
zonatum Batsch. 
Irpex cinnamomeus Fr. 


“ 


obliquus Fr. 
“  tulipifera Schw. 

Phlebia radiata Fr. 

Radulum orbiculare Fr. 
Tremellodon gelatinosum (Scop.) 


Pers. 


POLY PORACEE. 
Boletinus porosus Berk. 
Boletus affinis Pk. 

. alveolatus B. & C. 
auriporus Pk. 
" bicolor Pk. 
castaneus Bull. 


conicus Ray. 

o edulis Bull. 

& felleus Bull. 
frostii Russell. 
indecisus Pk. 

4 luridus Schaeff. 
magnisporus Frost. 
- modestus Pk. 
nigrellus Pk. 
ornatipes Pk. 
pallidus Frost. 
purpureus Fr. 

. retipes B. & C. 
scaber Fr. 
separans Pk. 
speciosus Pk. 
subsanguineus Pk. 
subtomentosus L. 
subvelutipes Pk. 
vermiculosus Pk. 
Dedalia ambigua Berk. 


5 quercina (L.) Pers. 
unicolor Fr. 
Favolus canadensis KI. 
Fistulina hepatica Fr. 
Fomes applanatus (Pers.) Wallr. 
conchatus (Pers.) Fr. 
connatus (Pers.) Fr. 
fomentarius Gill. 
graveolens Cke. 
igniarius Gill. 
“\-vibis (Er) 

Gloeoporus conchoides Mont. 
Lenzites betulina (l.) Fr. 

£ flaccida (Bull.) Fr. 

. sepiaria Fr. 
7 vialis Pk. 


confragosa (Bolt.) Pers. 
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Merulius lacrymans (Jacq.) Fr. Amanita cothurnata Atk. 
. rubellus Pk. - floccocephala Atk. 
- tremellosus Schrad. ; phalloides Fr. 
Polyporus adustus (Willd.) Fr. = rubescens Fr. 
u arcularius (Batsch.) Fr. a solitaria Bull. 
‘i brumalis (Pers.) Fr. e strobiliformis Vittad. 
“ cinnabarinus Fr. : verna Bull. 
a dryadeus Fr. Aminitopsis vaginata (Bull.) Roz. 
Ms fissus Berk. “ “ “ var. alba. 
‘ flavovirens Berk. & Ray. Armillaria mellea Vahl. 
focicola B. & C. Cantharellus aurantiacus Fr. 
& frondosus Fr. « abana te 
fumosus (Pers.) Fr. « ebaanneeeaan 
pop See eer) Be: é infundibuliformis Fr. 
3 perennis Fr. « mien ele 
“_perplexus Pk. é wrightii B. & C. 
5 picipes Fr. 


Claudopus nidulans (Pers.) Pk. 


“ il t S h r:. 
piteve eee Clitocybe candida Bres. 


“ 
pubescens Fr. 
“ laccata Scop. 


radicatus Schw. . ‘Nate aoe 


. resinosus (Schr.) Fr. f pete r 
; ( : infundibuliformis Schaeff. 
x spraguei B. & C. m 
monadelpha Morg. 
F sulphureus Fr. , 


: multiceps Pk. 
unicolor Schw. 
ochropurpurea Berk. 


Polystictus abietinus Fr. 
olystictus abietinus Fr iowa Elle 
Clitopilus abortivus B. & C. 


Collybia atratoides Pk. 


«“ 


- biformis Klotzsch. 
cinnamomeus Sacc. 
4 conchifer Schw. 
. Nera ee confluens Pers. 
« pergamenus Fr. - dryophila Bull. 

. maculata Alb. & Schw. 
platyphylla Fr. 
- radicata Rehl. 
“i velutipes Curt. 


“ versicolor (L.) Quel. 
Strobilomyces strobilaceus (Scop.) 
Berk. 


Trametes peckii Kalchbr. 
Coprinus atramentarius (Bull.) Fr. 


garicus campestris Schaeff. (- ebulbosus Pk. 
“ placomyces Pk. « micaceus (Bull.) Fr. 


Cortinarius alboviolaceus Pers. 
“ obliquus Pk. 


Craterellus cantharellus (Schw.) Fr. 


Hs cornucopioides Fr. 


Crepidotus applanatus Pers. 

“ calolepis Fr. 

a dorsalis Pk. 

“ mollis Schaeff. 

Y versutus Pk. 
Entoloma griseum Pk. 

bs strictus Pk. 

i subcostatum Atk. 
Flammula betulina Pk. 
Galera tenera Schaeff. 
Hygrophorus ceraceus (Wulf.) Fr. 


: eoccineus (Schaeff.) Fr. 

. conicus (Scop.) Fr- 

- eburneus Bull. 

- laure Morg. 

_ psittacinus (Schaeff.) 
live 

pudorinus Fr. 

.- puniceus Fr. 

. sordidus Pk. 


Hypholoma appendiculatum Bull. 
< lacrymabundum Fr. 
- sublateritium Schaeff. 
Inoeybe fibrillosa Pk. 

. geophylla (Sow.) Fr. var. 

lilacina Pk. 

8 rimosa (Bull.) Fr. 
Lactarius chrysorrheus Fr. 
corrugis Pk. 
deceptivus Pk. 
deliciosus Fr. 

o distans Pk. 

gerardii Pk. 

e hygrophoroides B. & C. 
[ 14—26988 ] 
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s insulsus Fr. 

. lignyotus Fr. 

s piperatus (Scop.) Fr. 
g plumbeus (Bull.) Fr. 
“ pyrogalus (Bull.) Fr. 
f rufus (Scop.) Fr. 

= scrobiculatus Fr. 

“ serifluus (DC.) Fr. 

“ sordidus Pk. 

a subdulcis (Bull.) Fr. 
fe theiogalus (Bull.) Fr. 
~ trivialis Fr. 

Ms uvidus Fr. 

vellerius Fr. 
volemus Fr. 


Lentinus lepideus Fr. 


S ursinus Fr. 


. vulpinus Fr. 


Lepiota angustana Britz. 


ce americana Pk. 
asperula Atk. 
cepzstipes Sow. 
- granosa Morg. 
morgani Pk. 

: naucinoides Pk. 
procera Scop. 
rubrotincta Pk. 


Marasmius candidus (Bolt.) Fr. 


‘ coherens (Fr.) Bres. 
S rotula Fr. 


¢ siccus Schw. 


Mycena epipterygia Scop. 


§ galericulata Scop. 

” hemotopa Pers. 

* leajana Berk. 
leptophylla Pk. 

pura Pers. 

Naucoria semiorbicularis Bull. 
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Nyctalis asterophora Frost. 
Omphalia alboflava Moy. 
f campanella Batsch. 
Paneolus campanulatus L. 
- retirugis Fr. 
‘s solidipes Pk. 
Panus stipticus (Bull.) Fr. 
*\-rudis Fr. 
Paxillus panuoides Fr. 
Pholiota adiposa Fr. 
zeruginosa Pk. 
caperata Pers. 
flammans Fr. 
marginata Batsch. 
squarrosoides Pk. 
togularis Bull. 
unicolor Vahl. 
Phylloporus rhodoxanthus (Schw.) 
Bres. 
Pleurotus applicatus Batsch. 
abscondens Pk. 
dryinus Pers. 
ostreatus Jacq. 
petaloides Bull. 
sapidus Kalchbr. 
serotinoides Pk. 
ulmarius Bull. 
Pluteus cervinus Schaeff. 
: leoninus Schaeff. var. coc- 
cineus Cke. 
Russula alutacea Ir. 
r basifurcata Pk. 
compacta Frost. 
crustosa Pk. 
decolorans Fr. 
densifolia Secr. 
emetica Fr. 


foetens Ir. 


fureata (Pers.) Fr. 
granulata Pk. 
mariz Pk. 
nigricans Fr. 
pectinatoides Pk. 
variata Banning. 
veternosa Fr. 
virescens (Schaeff.) Fr. 
Schizophyllum commune Fr. 
Stropharia semiglobata Batsch. 
cy viridula Schaeff. 
Tricholoma equestre L. 
fumescens Pk. 
personatum Fr. 
russula Schaeff. 
sejunctum Sow. 
Volvaria bombycina (Pers.) Fr. 


“ 


pusilla‘ Pers. 


PHALLINE. 
Dictyophora duplicata (Bose.) Ed. 
Fisch. 

‘ ravenelii (B. & C.) 
Burt. 


Mutinus caninus (Huds.) Fr. 


LYCOPERDINE. 


Calvatia ccoelata Bull. 
i cyathiforme (Bosc.) 
« gigantea (Schaeff.) Batsch. 
Lycoperdon gemmatum Batsch. 


“ 


pyriforme Schaeff. 


NIDULARIINEA. 


Crucibulum vulgare Tul. 
Cyathus stercorius (Schr.) De Toni 
- striatus (Huds.) Hoffm. 


PLECTOBASIDIINE. 


Scleroderma tenerum B. & C. 


. vulgare Hornem. 


ASCOMYCETES. 
Anthostomella ostiolata Ell. 
Bulgaria inquinans (Pers.) Fr. 
Chlorosplenium zruginosum (Cid.) de 


Not. 
Cordyceps herculea (Schw.) Sace. 
s militaris (L.) Link. 


Daldinia concentrica (Bolt.) Ces. & 

de N. 

Diatrype albopruinosa (Schw.) Cke. 
is stigma (Hoffm.) Fr. 

s virescens (Schw.) E. & E. 
Diatrypella prominens Howe. 
Dicheena ferruginea (Pers.) Fr. 
Dimerosporium collinsii (Schw.) 

Thuem. 

Erysiphe cichoracearum DC. 

- graminis DC. 

Exoascus deformans (Berk.) Fckl. 
Glaeoglossum gelatinosum (Pers.) 
Durand. 
Gibberella saubinettii (Mont.) Sace. 
Glonium simulans Gerard. 
Gyromitra gigas (Krombh.) Cke. 
Helotium citrinum (Hedw.) Fr. 
Hypomyees lactifluorum (Schw.) Tul. 
s rosellus (Alb. & Schw.) 
Tul. 
Hypoxylon annulatum Schw. 
g atropunctatum (Schw.) 
Cke. 
coccineum Bull. 
coherens (Pers.) Fr. 
fuscum (Pers.) Fr. 


howeianum Pk. 
investiens (Schw.) Berk. 
- petersil B. & C. 
turbinulatum Schw. 
Hysteriographium gloniopsis (Ger.) 
EK. & C. 
Lachnea erinaceus Schw. 
“ scutellata L. 
Lestadia bidwelli 


Ravaz. 


(Ell.) Viala & 


Leotia lubrica (Scop.) Pers. 
Microsphera alni (DC.) Wint. 
- elevata Burr. 
Morchella conica Pers. 
esculenta (L.) Pers. 
is semilebra DC. 
Nectria cinnabarina (Tode) Fr. 
“ ipomoez Hals. 
Nummularia bulliardi Tul. 
« discreta (Schw.) Tul. 
. tinector (Berk.) 
Otidea aurantia (Pers.) Mass. 
Peziza repanda Wahl. 


« succosa Berk. 


“~ vesiculosa Bull. 
Phyllachora graminis Pers.) Fckl. 
Phyllactinia suffulta (Reb.) Sacce. 
Plowrightia morbosa (Schw.) Sace. 
Podosphera oxycanthe (DC.) De By. 
Pseudopeziza medicaginis (Lib.) Sacce. 
e trifolii (Pers.) Fekl. 

Rhytisma andromade (Pers.) Fr. 
Rosellinia aquila (Fr.) De N. 

s medullaris Ces. & De N. 
Sclerotinia fructigena Pers. 
Scorias spongiosa (Schw.) Fr. 
Sarcocypha coccinea (Jacq.) Cke. 
Spherella fragarie (Tul.) Sacc. 
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Spherographium fraxini (Pk.) Sacce. 
Spherotheca pannosa (Wallr.) Lev. 
Tuber rufum Pico. 

Uncinula salicis (DC.) Wint. 
Urnula craterium (Schw.) Fr. 
Ustulina vulgaris Tul. 

Valsa leucostoma (Pers.) Fr. 
Venturia pomi (Fr.) Wint. 

Xylaria castorea Berk. 


“ 


hypoxylon (L.) Grev. 


“ 


polymorph (Pers.) Grev. 


FUNGI IMPERFECTI. 
Spheropsidales. 


Actinonema ros (Lib.) Fr. 

Ascochyta pisi Lib. 

Cicinnobolus cesatii De By. 

Cytospora persice Schw. 

Diplodia zee (Schw.) Lev. 

Entomosporium maculatum (Cke.) 
Sace. 

Darluca filum (Biv.) Cast. 

Leptothyrium pomi (Mont. & Fr.) 
Sace. 

Phoma polygramma (Fr.) Sace. var. 

Plantaginis. Sace. 
Phyllosticta ampelopsidis Ell. & 

Mart. 
# prunicola (Op.) Sace. 
Septoria graminum Desm. 
lycopersici Speg. 
piricola Desmz. 
podophyllina Pk. 
i rubi West. 
F trillii Pk. 

Sphzronema fimbriatum (Ell. & Hals.) 
Sace. 


Spheropsis grandinea E. & E. 
. malorum Berk. 


Vermicularia circinans Berk. 


Melanconiales. 


Colletotrichum lindemuthianum 
(Sace. & Magn.) Bri. & Cav. 
Cylindrosporium padi Karst. 
Marsonia brunneum E. & E. 
. ochroleuca B. & C. 


Hyphomycetes. 


Acrostalagmus cinnabarinus (Pers.) 
Cda. 
Alternaria brassice (Berk.) Sace. var. 


macrospora. Sacc. 
e solani (E. & M.) Jones & 
Grant. 


Botrytis vulgaris Fr. 
Cephalothecium roseum Cda. 
Cercospora apii Fres. 
7 beticola Sacce. 
= condensata Ell. & Kell. 
Ms viticola (Ces.) Sace. 
Cladosporium carpophilum Thuem. 
Fumago vagans Pers. 
Helminthosporium carpophilum Lev. 
y inconspicuum C. & 
Ell. 
Piricularia grisea (Cke.) Sacc. 
Polythrincium trifolii B. & C. 
Streptothrix atra B. & C. 
Stysanus stemonites (Pers.) Cda. 
Tubercularia vulgaris Tode. 
Zygodesmus fulvus Sace. 
Indiana University, 


Bloomington, Ind. 
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STECCHERINUM SEPTENTRIONALE (F'R.) Banker in [ypIANA. 
By Howarp J. BANKER. 


The fungus here considered is perhaps better known as Hydnum sep- 
tentrionale (Fr.). Although a large and conspicuous plant it appears to 
have attracted very little attention if we are to judge by the references 
to it in literature. In the entire series of Just’s Botanischer Jahrsbericht 
covering a period of more than twenty years I did not find a single refer- 
ence to this species. As to size it possesses the unique distinction of being 
by far the largest representative of the family of the Hydnacew, if not in- 
deed being able to lay claim to the first place in this respect in the entire 
fungal world. A specimen that recently came under the writer’s observa- 
tion and which is the occasion of this paper, after being damaged and a 
portion of it lost, weighed 35 lbs. The whole mass measured 30 cm. long, or 
in its projection from the substratum, 58. em. wide, and 40. em high. I 
should not be surprised if specimens were to be found considerably ex- 
ceeding this in size. 

The formation of the sporophore is somewhat peculiar. The mycelium 
emerges from the main trunk of the tree through some small opening such 
as the hole formed by a dead limb. In the case of the plant here shown 
it emerged under the base of the tree in a crevice formed by the diver- 
gence of buttress-like roots and where there was a small opening apparently 
into the heart of the tree. In every case that I have observed, the opening 
has not been over ten centimeters in diameter and is out of all proportion 
to the size of the sporophore. On emerging from the hole the mycelium 
apparently grows radially, spreading in close adhesion to the substratum 
and forming outwardly a series of overlapping or imbricate pilei. The 
first impression is that the mass is thoroughly rooted in the tree at all 
points and can be removed only by breaking it in pieces or by cutting out a 
portion of the tree. However, it will be found that no stronger implements 
than one’s fingers are sufficient to remove the specimen intact, for its at- 
tachment to the bark is very slight and the fingers can easily be forced 
between the fungus and the tree, pushing it off until the small cord of 
mycelium which forms the real point of attachment is broken. 
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For weeks after the removal of the fungus the spot on the tree where 
it had been can be detected by its lighter color, looking as if it had been 
cleaned. There are, however, no other external marks of the effect of the 
fungus and the tree appears to suffer little vital injury. Some six years 
ago a fine specimen was found growing on a beech at a height of 12 or 
15 feet from the ground in the dooryard of Dr. Edwin Post in Greencastle. 
The tree is still living and apparently thriving. The top of the tree has 
been cut off or broken out, apparently many years ago and certainly prior 
to infection by the fungus. The plant does not seem to kill the tree, but 
such a fungal mass could hardly be produced without considerable injury. 
The fungus has been observed only on large trees a foot or more in diame- 
ter. The writer has not been able to examine the wood of a tree attacked 
by the fungus, but it seems probable that the mycelium may be confined 
to the heart wood, which would account for the little injury done to the 
growing tree, as well as the fact of its confinement to old trees. 

It seems probable also that the sporophores are preduced from small 
openings, because these offer a suitable path of exit through the sap-wood. 
It may appear, therefore, strange to speak of the plant as a parasite; but 
while its mycelium may be confined in its vegetative state to the non-living 
heart-wood, it is also true that the fungus appears to be confined to living 
trees and is never found on dead trunks, whether standing or fallen. 

The plant seems to prefer the beech as its host. It has been reported 
as growing on maple and perhaps hickory in the East, where beech is not 
very abundant. I! have never seen the plant in sitw on the latter hosts, 
and illustrations suggest the possibility of the plant’s being more or less 
distinct in character from the one found on beech. The original descrip- 
tion and figure by Fries was from specimens found on beech in Sweden. 
These are in every respect typical of specimens found here in Indiana. I 
“have seen no entire specimens of the European form on beech. At Upsala 
there is in the herbarium an eptire specimen of extraordinary size that 
was found growing on Linden in the Botanical Garden of the University. 
Although the specimen is dried, it is evident at sight that the plant pre- 
sents some striking differences from our Indiana plants. The pilei are 
much smaller, thinner, more numerous and more distinct, the color cinereous 
rather than creameus, and the teeth somewhat shorter. It is only after 
closer examination that one hesitates to pronounce it a distinct species. 
Fries makes mention of the plant’s being found on elm in the same Bo- 
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tanical Garden, and names a variety, hortense, found on the latter host. 
So far as I know, the plant has never been observed in this country either 
on linden or elm. It is possible that the intluence of the host may affect 
somewhat the growth of the plant, if these are all one species. This is a 
point that needs further investigation. 

The immense sporophore is a single season’s growth and it seems 
probable is produced very rapidly in the course of a few weeks in August 
and September, reaching maturity about the first of October. The form 
found on maple in the east has been observed to fruit several years in suc- 
cession, and Fries speaks ef the plant as growing annually on elm at Up- 
sala. The beech in Dr. Post’s yard two years later produced a small fun- 
gal growth, but too high up to be sure of its character, since which time 
no further growth has been observed. The tree on which the present 
growth was found gave no indications of any previous growths. Other 
observations lead me to believe that it is not usual for the beech fungus to 
fruit annually for a series of years. How long the mycelium lives in the 
tree is unknown. i 

The spores are produced in enormous numbers, but seemingly for only 
a few days. On my first visit to this plant, October 17, no spore fall was 
observed, but the matter was not especially tested. Two days later, on 
visiting the place, spores were observed rising from the mass in small 
clouds. These frequently streamed out from parts of the fungus like a 
puff of smoke for 10 or 15 seconds, then ceased and after two or three 
minutes began again. Such streams were emitted from different parts of 
the plant irregularly, so that from some part spores were escaping almost 
constantly. The day was pleasant and the air very quiet, yet occasionally 
a light puff of air passed over the plant. The streaming of the spores, 
however, appeared to be no more marked when the air stirred than when 
it was perfectly quiet. The plant was carefully removed from the tree, 
but being found too heavy to carry was left propped against the base where 
it had grown. Five days later the fungus was brought to the laboratory 
and found to be in good condition, but the outer edges of the pilei were 
beginning to darken and curl. Faint spore prints were obtained, but such 
as to indicate that spore discharge was practically over. Whether the re- 
moval of the plant from the tree shortened the time of spore discharge is 
not certain, but it is doubtful if the plant gives off its spores naturally for 
a period of more than a week or ten days. 
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According to Buller, visible spore-discharge in the hymenomycetes Is a 
rare phenomencn, and he cites the observations of Hoffman, Hammer, and 
von Schrenk. My own observation on Steccherinum septentrionale con- 
form to Von Schrenk’s description of the spore-discharge in Polyporus 
schweinitzii. Buller accounts for the intermittent clouds by tiny irregular 
air currents, and thinks the spores were in reality “falling continuously 
and regularly by their own weight.” In the case of his own observation on 
Polyporus squomosus this view appears to be confirmed, and he likens the 
appearance to the steam arising from a cup of tea in irregular eddies or the 
curling of tobacco smoke from the bowl of a pipe. Had he observed the 
discharge in Steceherinum septentrionale I believe he would not have felt 
so confident of his explanation. The cloud-like discharge was more as the 
eurling smoke of the tobacco when one breathes at intervals through the 
pipe. I doubt if the discharge is due to any propelling force as hinted by 
Von Sechrenk, but it seems to me probable that over certain restricted areas 
there is a simultaneous liberation of great quantities of spores followed by 
a period uf rest. That such intermittent spore release occurs in all hy- 
menomycectes is improbable, but it seems to account for the phenomenon 
as observed in Steccherinum septentrionale and Polyporus schiweiniteii. 

Whether the present fungus is to be regarded as an edible species can 
not be stated. No one appears te have tested its qualities. It would prob- 
ably be found somewhat tough, especially when mature, but not more so 
than many forms that are recommended. In drying it gives off a very 
strong odor which would lead one to expect it to have a pronounced flavor. 
The taste of the raw plant is not inviting, and yet not particularly of- 
fensive. If any preparation of it would make it really comestible, a single 
plant is sufficient to furnish an abundant feast. 

The plant is not rare and yet cannot be said to be common. It ap- 
pears to be most abundant in Indiana and Ohio, perhaps because of the 
prevalence of the beech in this region. When the writer came to Indiana 
six years ago, he had not been in the State more than a couple of weeks 
when his attention was called by one of his students to the specimen 
previously mentioned in Dr. Post’s yard. As there were three or four dried 
specimens observed lying about the laboratory, the impression was given 
that specimens could probably be readily obtained almost any time in 
season. Being at the time unusually busy organizing a new work, the 
opportunity for study of the plant was allowed to pass with a casual ex- 
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amination and the securing of the specimen. From that time until this 
fall, however, no more were seen except one or two old and badly weath- 
ered specimens. The plant is, therefore, not so abundant as was thought. 
Press of other work has again made it impcssible to conduct as thorough 
an investigation of the problems suggested by this plant as one would like, 
but it has appeared worth while to call attention to this seemingly little 
noticed fungus. 
DePauw Univ., 


Greencastle, Ind. 
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Disease RESISTANCE IN VARIETIES OF POTATOES. 


By C. R. ORTON. 


This report is the result of experiments conducted by the author, 
under the direction of Dr. L. R. Jones, while in the codperative employ 
of the Vermont Experiment Station and the United States Department of 
Agriculture, Bureau of Plant Industry, during the fall of 1909-10. In 
general, the work was the outgrowth of a series of experiments carried 
on by Professor William Stuart at the Vermont Station for several years 
previous to 1909, the results of which may be found in Bulletin 122, Ver- 
mont Experiment Station. In particuiar, it was the development of some 
research work of the previous winter on late blight. Professor Stuart 
eonducted his experiments in the field upon over 150 varieties, with the 
idea of determining, if possible. the disease resistant qualities of both 
American and Buropean varieties of potatoes, to the late blight, Phytoph- 
thora infestans (Mont) Bary, a fungus which causes the loss of many 
thousands of bushels of potatoes yearly in New Wagland, especially in 
Maine and Vermont, and periodically the loss of one-half the entire crop 
or more in that section. 

European potato growers have for years been breeding and testing 
potato varieties for the disease resistant quality, until they have developed 
a series of varieties which have proved by field trials to be highly resistant 
to fungous diseases. ‘The processes as carried out by them necessitated 
growing the tubers for several years in succession and noting the amount 
of infection each year. This, of course, is at best a tedious operation, giv- 
ing slow and often unsatisfactory results. 

In 1908 Mr. N. J. Giddings, then of the Vermont Experiment Station, 
found that resistance to the late blight could be determined with some 
degree of accuracy by artificial inoculation of the tubers, with pure cul- 
tures of the fungus, under sterile conditions in the laboratory. The vatue 
of the laboratory method for testing varieties of potatoes for disease re 
sistance is easily seen when we consider that it would permit us in two 
or three weeks to test the resistance quality of any variety, a process which 


1The full results of these experiments are to be published in a forthcoming 
bulletin of the United States Department of Agriculture, Bureau of Plant Industry. 
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heretofore by laborious field experiments has taken as many years. The 
purpose in the trials of 1909 was to determine more fully the reliability of 
this method and its applicability for comparative trials with a large num- 
ber of varieties. 

In all, 76 varieties of potatoes, 46 of which Dr. Jones collected in 
Europe, were tested. Practically all of these were varieties of economic 
value in their respective localities. Most of the European varieties were 
of reputed disease resistant qualities. All had been grown on the Vermont 
Experiment Station grounds under as similar conditions as possible, for 
four years previous to these experiments. 

The method used was, first, to prepare sterile test tubes by placing 4 
small absorbent cotton wad in the bottom of each tube and adding to 
each one ¢c.c. of water. ‘The tubes were then plugged with ordinary cot- 
ton and sterilized in the autoclave. The next step was to place in each 
such tube a small sterile block cut from a raw potato. Considerable care 
was necessary to avoid contamination in this process. The work was all 
done under a transfer hood freshly washed out with corrosive sublimate 
solution. The potato tubers were first washed then immersed for about five 
minutes in a corrosive sublimate bath. They were then peeled with sterile 
knives and the sterile interior flesh was finally cut into several small 
blocks of such size, about 1x 1x44 cm., as would drop easily into the 
tubes. These tubes were then held 24 hours at about 22° C., in order that 
any contaminated tubers might be detected and discarded before the in- 
oculations were made. The inoculations were made from pure cultures of 
Phytophthora infestans growing on lima hean agar and about 15 to 18 
tubes of each variety were inoculated. About twelve varieties were run 
in each series, two of these varieties used as checks, being the same in all 
the series. For these checks Professor Wohltmann and Green Mountain 
varieties were used because they showed a very uniform growth all 
through and stood at the two extremes, the former being one of the most 
resistant varieties, the latter one of the most susceptible. 

For each inoculation, a small piece of the fungus was transferred 
with a platinum needle from the agar to the block of potato and scratched 
into it to prevent its drying up before infection could take place. If 
proper care was taken in making this inoculation, a uniform growth was 
obtained on all the blocks of the same variety. 

After inoculation the cultures were placed for incubation and growth 
in a temperature of about 15° to 16°C. It was found that at this tem- 
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perature they developed a fair growth of the fungus in about six days, 
and this reached a maximum on about the tenth day. All the tubes of 
each variety were then assembled and compared with the checks as to 
their relative amounts of growth. ‘These results were judged by two or 
three observers independently of each other, and each judgment recorded. 
For purposes of comparison the relative growth was expressed in per- 
centages. Although this was a somewhat arbitrary standard its useful- 
ness is shown by the fact that these independent observations rarely varied 
more than five to ten per cent. 

For the final results all these tests were made in duplicate and all 
the observations on any one variety were averaged. These averages may 
be grouped into three main classes. First, a highly resistant class, those 
exhibiting a growth of from 1-35 per cent. Second, a middle class, those 
exhibiting a growth of from 35-66 per cent, and third, a susceptible class, 
exhibiting a growth of from 65-100 per cent. It was found that those fall- 
ing into class one were in every case those which were of tested disease- 
resistance and were practically all of European origin. Those falling into 
class two were largely of reputed disease-resistance and were also largely 
of European origin. Those falling into the third class were practically all 
of American origin and included many of our most important commercial 
varieties. Since these results, in the main, correspond to those obtained 
by Professor Stuart, in his field trials, we feel safe in drawing the con- 
clusion, that thus far our American breeders of potato varieties have been 
developing types which stand for yield and quality regardless of disease- 
resistance, while European breeders have been developing disease resistant 
varieties. This, we believe, explains in a measure, the heavy loss occa- 
sioned by fungous disease in our American potato ercp. Unfortunately 
the most resistant of the European varieties are not of the best quality 
and color for the American market. It therefore remains for the potato 
breeders of this country to develop varieties which combine the desirable 
qualities of the best American potatoes with the disease-resistant qualities 
of the hardiest European potatoes. In connection with this it will un- 
doubtedly be the laboratory method here explained which will be used 
largely in testing the disease resistant qualities of new hybrids and seed- 
lings in the attempts to develop this new ideal potato. 

Purdue University, 

Lafayette, Indiana. 
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An EcotocicaL SuRVEY OF WHITEWATER GORGE, 
By L. C. Petry and M. S. MARKLE. 
At Richmond, Indiana, the east branch of Whitewater River runs 


through a narrow rock gorge for a distance of about three miles. This 


miniature canyon is commonly called the Whitewater gorge. It varies in 
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Fig. 1. 


depth from 60 ft. to 120 ft. and in width from 200 ft. to 800 ft. on the 
floor. The gorge terminates rather abruptly at Test’s Mills, about two 
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miles below Main street, Richmond, and from that point to its mouth the 
valley is generally broad. 

This gorge was formed as a direct result of the glacial phenomena of 
the region. There is evidence that at the close of the Early Wisconsin ice 
sheet period, the river occupied a channel much to the eastward of its 
present course. Wells to the south of Glen Park, nearly three miles east 
of the present river channel indicate at that point an old channel now filled 
with drift. Whe streams in Glen Park seem to occupy this same old chan- 
nel. From this and other evidence it seems probable that this old channel 
passes to the east of the city of Richinond, and connects with the present 
river valley somewhere below Test’s Mills. 

The advance of the Late Wisconsin ice sheet resulted in filling up this 
old channel with drift. There is evidence that this ice advance was from 
two directions, north-west and north-east, and that the terminal moraines 
of the two lobes diG not come together. The river, forced out of its old 
channel, took up a new course between the two moraines. With the melt- 
ing of the ice sheet, the volume of water dis ‘»rged by the stream would 
be very large, and erosion of its channel correspondingly rapid. Since the 
retreat of the ice, it has carved the present gorge. 

The rock of the gorge is Hudson River or Cincinnati limestone. This 
is a favorite collecting ground for paleontologists interested in this par- 
ticular portion of the Lower Silurian beds. Trilobites are not numerous, 
though several species are found. Calymene senaria is commonest. Ryn- 
chotrema capax, Zygospira modesta, Platystrophia biforata and Leptzna 
rhomboidalis are the characteristic brachiopods. Streptolasma is extremely 
common. 

The character of the rock is of extreme importance in the considera- 
tion of the ecology of the region. The rock is soft and very thin-bedded, 
and is rendered still more unstable by the alternation of thin beds of 
shale of a soft calcareous nature with the layers of limestone. The lime- 
stone itself is shaly and weathers very rapidly. Three inches is probably 
the average thickness of the rock layers. ‘The amount of shale varies 
greatly, even within limited areas. In general, the shale makes up about 
one third of the total rock. 

As a result of the nature of the rock, steep cliffs are maintained only 
where active erosion of the base is going cn. As soon as river erosion 
ceases, the slope becomes gentler at once. There is a considerable amount 
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of seepage and slumping is frequent. A large talus quickly collects. This 
is composed of angular fragments of the limestone, embedded in a matrix 
of the fine mud produced by the weathering of the shale. 

The stream threugh the gorge has a very high gradient. From Main 
street to Test’s Mills. a distance of about 9,000 feet, the total fall is 47 
feet, or about 1 foot in 200. This gradient is not at all uniform throughout 
the distance. In general the strerm consists of a series of alternate ponded 
stretches and rapids. At some of the fall lines a difference of level of six 
or eight feet may occur. This condiition is produced by a slight dip of 
the rock strata toward the up-stream end of the gorge. This dip is small, 
not more than a few inches to the huudred feet. Where a portion of the 
rock, harder than the surrounding rock or with less shale, comes to the 
surface, a fall line is produced. Fragments of rock carried down by spring 
floods accumulate at this point, and the portion of the stream immediately 
above becomes ponded. Some of these ponds are as much as 1,200 feet in 
length. 

The annual rainfall in this region is about 40 inches. The average 
flow of the river is about 60 cubie feet per second. <A series of measure- 
ments of the flow, made January-May, 1907, gave a minimum flow of 56 
cu. ft. per second on February 20, and a maximum flood stage of 4,500 cu. 
ft. per second on March 13. Measurements made in August, 1908, indicated 
a flow of only 42 cu. ft. per second. 

It is a deplorable fact that up to the present time the city of Richmond 
has seen fit to dispose of its sewage by the primitive method of dumping 
it directly into the river. Since this sewage flow amounts to 12 to 15 
cubic feet per second, or one-fourth the total flow at low water stage, the 
condition of the river below the sewers may be imagined. 

The region selected for study includes the floor and bluffs of the gorge 
between the Main street bridge snd ihe bridge at Test’s Mills, about two 
miles to the south. A survey by transit and stadia was made and from 
this a topographic map on a scale of 1 inch to 250 feet was prepared. On 
this the various data were recorded, and the conditions of the various por- 
tions of the area were indicated by tints. Considerable areas of the re- 
gion have been disturbed by cultivation, building operations, ete., and no 
attempt. to study these areas was made. Photographs to show the more 
striking features of the region were made whenever possible. The nomen- 
clatnre used is that of Gray's Mannal, 7th edition, 
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In this study, the various plant associations have been considered as 
members of a succession, and therefore, in general, transitional. The ulti- 
mate stage in this region, i .e., the permanent association, is held to be a 
very mesophytic forest, dominated by Fagus and Acer saccharum. Ali 
other plant associations are held to be transitional stages between a plant- 
less condition and this ultimate forest condition. The position of any 
given plant association in this succession may be determined accurately 
only by observation over a long period of time. The successive stages 
have been worked out carefully in many cases, however, and the usual 
succession for this region is well known. Two kinds of successions are 
recognized, namely, biogenic and physiogenic. A biogenic succession may 
be defined as one influenced only by plant and animal life, and therefore 
such a succession will occur only where the physiography is static. In 
physiogenic successions, physiographic changes are the controlling factors. 
In general we have endeavored to determine two points with regard to 
each plant association, namely, its place in the succession and whether 
the controlling factors of that succession at that stage are biogenic or phys- 
iogenic. Lists of species given are usually incomplete but as representative 
as possible. 

The walls of the gorge and the ravine branching from it are quite 
favorable for the study of plant successions in such situations. Within 
the region studied, almost all stages from the bare plantless cliff to the 
ultimate mesophytic forest can be found. The stage of development of the 
vegetation on the walls of the gorge seems to be dependent largely upon 
the length of time that has elapsed since active erosion by the river ceased. 
The succession is very rapid for a rock cliff. This is explained by the very 
unstable nature of the rock, the abundance of shale and the favorable con- 
ditions of rainfall and climate. Very often stages that are usually suc- 
cessive occur combined, or telescoped, here. Lichens, which usually form 
the first vegetation on rock cliffs, are absent. No liverworts or ferns occur. 
The oaks, which commonly form a stage immediately preceding the ulti- 
mate forest, seem to be replaced by elms and black locust. Juniperus is 
the only conifer found. 

The earliest stage of the succession occurs at one point where a cliff 
occupies the outside of 2 curve of the stream, and active erosion of its 
foot is going on. As a result of this condition, the cliff is very steep, even 
overhanging to a slight extent. The wall is bare of plants, except for algae 
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in places where seepage occurs. No lichens occur, though the rock is more 
stable than usual, with a smaller proportion of shale. Their absence is 
not due to smoke, as is sometimes the case, for they occur on trees near 
by. The rock does not contain bitumen which sometimes prevents their 
growth, notably on Niagara limestone. It seems probable that the weath- 
ering of the rock is too rapid for them to maintain a foothold. A few 
annuals grow on the talus which has accumulated since the spring floods. 
A few plants, such as Psedera, Rhus toxicodendron, Vitis and Juniperus 
virginiana, hang from the top of the cliff. This stage continues as long as 
active erosion by the stream is maintained. 

The second stage is found at a point where the river erosion is not 
so strong. A considerable talus accumulates at the base of the cliff, and 
this is not swept away by the spring floods. The wall is not so steep as 
in the stage just described. It is in*this stage that the first real plant 
associations appear. These pioneer plants occupy narrow shelves produced 
by the projecting ledges of limestone. Most of the plants are annuals. The 
following species are typical of such localities: 


Ambrosia artemisivefolia Melilotus alba 

Poa compressa Allium canadense 
Lactuca scariola var. iiitegrata Dipsacus sylvestris 
Nepeta cataria Aster spp. 


Rosa humilis aS 

After direct action by the river has ceased, the talus accumulates 
undisturbed. ‘lhe shale Inyers change to soil very readily, and this is 
washed down by the rains. Projecting layers of limestone break off of 
their own weight. In these various ways, the slope is rapidly reduced. A 
larger number of plants gain a foothold and the cliff is covered with vege- 
tation. Grasses and annuals are common. Xerophytic mosses appear. 
This may be called the herb stage. The pioneer plants mentioned above 


continue through this stage, while the following new species appear: 


Equisetum aryense Melilotus officinalis 
Aster nove-angeliwe Cornus paniculata 
Daucus carota Verbascum thapsus 
Heracleum lanatum Elymus canadensis 


Up to this point, the succession has been almost entirely physiogentic. - 
The plantless stage continues as long as the stream actively erodes the 
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base of the cliff. After this erosion ceases, the plant succession is deter- 
mined for a time by the slope of the cliff. At first, only shelf plants can 
gain a foothold. As the slope is reduced, the number of species is increased. 
After a time, though, when a soil of considerable depth has formed, the 
succession becomes biogenic. The plants hold the soil, and the reduction 
of slope proceeds very slowly, if at all, particularly after grasses become 
prominent. The slope of the gorge wall where it is covered with a meso- 
phytic forest is but little gentler than that of the wall where only bushes 
occur. From the herb stage to the ultimate mesophytic forest, each plant 
stage prepares the way for the next in the succession by holding_the soil, 
accumulating humus and furnishing shade. 

The herb stage is succeeded by a bush stage. The most prominent 
species is Rhus canadensis, which often forms large colonies. Cornus 
paniculata and Salix longifolia are commonly associated with it. Rubus, 
Ribes, Rhus toxicodendron, Vitis vulpina, Crateegus, Psedera, Ptelea trifo- 
liata and others occur, together with a number of species characteristic 
of the preceding stage, such as Dipsacus sylvestris, Heracleum lanatum, 
etc. 

This shrub stage is probably very brief and pioneer trees soon appear. 
Two parallel tree stages appear. Considerable areas are found occupied 
by Ulmus americana, Celtis occidentalis and Cratwegus spp. In other sit- 
uations similar in all respects, Cersis canadensis, Robinia pseudo-acacia 
and Prunus americana dominate the vegetation. In both cases, the trees 
are accompanied by a large number of undergrowth herbs and shrubs, 


among them the following: 


Gleditsia triacauthos Heracleum Janatum 
Juglans nigra Daucus carota 
Cornus paniculata Taraxacum officinale 
Sambucus canadensis Aster spp. 

Rtibes cynosbati Verbasecum thapsus 
Vitis vulpina Nepeta cataria 
Psedera quinquefolia Poa compressa 
Menispermum canadense Solanum nigrum 
Dipsacus sylvestris 


Following these two parallel stages appears the ultimate stage of the 
region, the mesophytic forest. This stage occurs only on the east bluff of 
the gorge, immediately above Test’s Mills. That this forest is really 


Fig. 6. 


Border plants along ponded portion of stream. 
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mesophytic is shown by the presence of Fagus grandifolia and Acer sac- 
charum, the latter being very abundant. This forest is rather open yand 
this probably accounts for the absence of all ferns. Polypodium is found 
in similar locations in this region, however. Mosses are abundant on the 
ground and on fallen logs. The only liverwort is Porella, occurring abun- 
dantly on tree trunks near the ground. 

In order to establish the fact that the forest represents the ultimate — 
stage of the succession for this region, a primeval mesophytie forest near 
Williamsburg, Ind., about ten miles distant, was studied and a list of the 
species found there is given below. On this list, those species marked by 
an asterisk occurred also in the forest on the east bluff of the gorge at 
Test’s Mills. A study of the list will lead to the conclusion that the ulti- 


mate stage of the succession has been reached here: 


*Carpinus caroliniana *Carya oyata © 
*Fraxinus americana *Ulmus americana 
*Fagus grandifolia *Ulmus fulva 

*Aesculus glabra *Tilia americana 
*Ostrya virginiana *Quercus alba 

*Cornus florida *I’raxinus quadrangulata 
*Acer saccharum *Celtis occidentalis 
*Carya cordiformis *Quercus rubra 

*Ulmus racemosa Aralia nudicaulis 
*Asimina triloba *Urtica gracilis 

*Morus rubra Polygonum yvirginianum 
*Smilax hispida *Bidens frondosa 
*Psedera quinquefolia Monotropa uniflora 
*Ribes cynosbati Ipifagus virginiana 
*Juniperus communis Smilacina racemos: 
*Vitis vulpina Boehmeria cylindrica 
*Rosa setigera *Aristolochis serpentaria 
Benzoin «stivale Sanguinaria canadensis 
*Rhus toxicodendron *Solanum nigrum 
Celastrus scandens Polygonatum commutatum 
*Menispermum canadense Cryptotzenia canadensis 
*Viburnum prunifolium Actea spicata 
*Sambucus canadensis Viola pubescens 


Mitchella repens Monarda fistulosa 
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Hydrangea arborescens Hepatica acutiloba 
*Eupatorium urticefolium Arisema triphyllum 
*Impatiens biflora Botrychium virginianum 

Impatiens pallida Botrychium ternatum 
*Galium spp. Adiantum pedatum 
*Viola cucullata Polystichum acrostichoides 

Aralia racemosa Asplenium augustifolium 


In addition to the species indicated by asterisks, Quercus prinus and 
Sedum ternatum are prominent members of the vegetation of this stage of 
the bluffs. 

Several narrow terraces occur along the sides of the gorge at various 
points. They vary in width from a few feet to as much as 200 feet, and 
one of these, on the east side of the river near the bridge at Test’s Mills. 
is about half a mile in length. The origin of these was not investigated. 

Rejuvenescence, that is, a return to pioneer conditions, may occur at 
any stage of the succession, if erosion of the base of the cliff is resumed by 
the river. In this case, the undercutting by the stream produces slumping, 
and the bare rock wall is soon exposed. ‘This condition occurs at the foot 
of the east bluff, just below the small islands at the lower fall line. At 
this point the bluff had become mesophytic before erosion of the foot began 
again. We have here at the present time an extremely xerophytie bare 
rock face bordering directly upon a mesophytic forest. This xerophytic 
condition will continue as long as the stream erosion continues, and its 
area may even increase. When erosion ceases, the succession will begin 
again, and progress through the stages just described. 

The ravines entering the gorge are small and comparatively few in 
number. ‘The fact that the gorge is relatively young explains this in 
part. The smallness of the area draining into the gorge at this point is 
probably the principal factor, however. Clear Creek parallels the river 
on the west, and the divide between the two streams is less than half a 
mile west of the river. On the east, another small stream parallels the 
gorge at an even less distance. Accordingly the drainage of the area 
immediately around the gorge is largely accomplished by parallel streams 
which enter the river farther down. With two exceptions, the ravines 
are less than 200 yards in length, and are accordingly very steep. These 
two ravines have permanent streams, fed by springs. In the others, the 


rocks drip with seepage, but streams run through them only after rains. 
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All stages from young ravines, with conditions extremely xerophytic up to 
mature ravines with mesophytic vegetation are found. 

The first stage of one of these ravines is merely a shallow groove down 
the side of the bluff, floored by the bare bedrock and partially choked by 
rock fragments. The debris accumulates as a cone at the foot. In this 
stage, a ravine is extremely xerophytic. Few if any plants grow within 
them, though a few appear upon the talus at the foot. The plants which do 
appear are the same as the pioneer plants on a cliff face. 

The position of such a ravine seems to be determined almost entirely 
by the surface drainage outside the gorge. Wherever the topography 
of the surface outside the gorge causes the flood water to be dis- 
charged down the bluff, a ravine will be formed. Cleavage planes, which 
commonly determine the location of ravines in more massive rock, are 
absent. Seepage lines which often determine ravines in clay bluffs prob- 
ably have little effect here, for they often occur on cliff faces where no 
tendency to ravine formation is evident. The rapidity with which a ravine 
will grow is of course dependent upon the water supply. 

Older ravines are generally not regular in gradient, but become very 
precipitous in some parts, on account of the occurrence of occasional harder 
layers of limestone. This produces vertical faces from a few inches to six 
or eight feet in height, and these are usually wet with seepage or run-off 
from above. These ravines are usually quite deep and well shaded. Ver- 
tical faces of the kind described are commonly covered with Cladophora 
and Vaucheria. Where the water is contaminated by sewage, Oscillatoria 
replaces these. Mosses grow luxuriantly in these situations, but no liver- 
worts grow anywhere in these ravines, with the single exception of Porella, 
which is common in mesophytie situations throughout the region. The 
absence of liverworts is difficult to account for, in view of the hydro- 
mesophytie conditions which prevail in such situations. Fimbriaria and 
Pegatella were found in abundance on damp rock shelves near Thistle- 
thuaite’s Falls, north of Richmond. Aneura and Blasia were found on 
clay in the same region. Marchantia occurs on rocks in similar localities 
near this point. 

Why mosses should be so abundant and liverworts entirely absent in 
these ravines is difficult to explain. The finding of several genera of liver- . 
worts on similar rock shows that their absence is not due to the chemical 
nature of the rock. The older parts of the Aneura found on clay were stiff 
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with incrustations of calcium carbonate froni tlie seépage water. It is 
probable that the disintegration of the rock from weathering and stream 
erosion combined is too rapid to permit the liverworts to maintain a foot- 
hold. 

The succession from the xerophytic first stage to the ultimate meso- 
phytic stage is very rapid, more so than that of the bluffs. The narrow- 
ness of the ravines, the greater amount of shade, and the more constant 
water supply account for this. The stages passed through are essentially 
the same as in the case of the bluff. 

It is to be noted, however, that until the ultimate mesophytie stage is 
reached the physiographic factors affect the succession, and that a purely 
biogenic succession never occurs. In this point the ravine succession dif- 
fers from that of the bluffs, as already discussed. 

That the ultimate stage of the ravine is mesophytic is indicated by the 


following list of species found in a typical ravine of the region. 


Acer saccharum Vitis vulpina 

Quercus prinus Raus Toxicodendron 
Ostrya virginica Rubus sp. 

Acer negundo Impatiens biflora 
Fagus grandifolia Impatiens pallida 
Fraxinus americana Ipomca pandorata 
Cercis canadensis Lobelia syphilitica 
Ulmus fulva Sedum ternatum 
Fraxinus quadrangulata Ambrosia trifida 
Gleditsia triacanthos Viola cucullata 

Celtis occidentalis Hupatorium urticefolium 
Ulmus americana Sambucus canadensis 
Menispermum canadense Hyrangea arborescens 


The successions of the gorge floor are quite as interesting as those of 
the bluffs and ravines. As already mentioned, the stream is ponded 
through a large part of the region studied. ‘The conditions which have 
produced this result have been discussed. In the ponded portions, the 
water varies in depth from two to five feet, and consequently the current 
is very slow. As a result of this condition, a typical pond vegetation is 
found in a number of points within the area. Sagittaria and Typha are 
characteristic of this condition. Scirpus americanus occurs at a few 
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points. Submerged and fioating plants are absent or unimportant. Below 
the sewers, Oscillatoria is the only form found. Above them, Cladophora, 
Hydrodictyon and Potamogeton pectinatus occur. Neither Nymphea nor 
Castalia is found, probably because of sewer contamination, together with 
the rocky character of the bottom. 

At a number of points, distinct zonation occurs. The succession may 
be described as composed of five stages, the first of which is always domi- 
nated by Sagittaria. Typha makes up the second stage, and is followed 
by Bidens levis, which forms the third stage. Where zonation occurs this 
Bidens zone is always very definite, and usually extends from the edge of 
the water back two to ten feet. The fourth stage is represented by a zone 
dominated by Ambrosia trifida and HEupatorium perfoliatum. Other spe- 
cies are Apocynum cannabinum, Bidens frondosa, Xanthium canadense and 
Verbena urticefolia. The final stage is represented by Salix nigra, Plata- 
nus occidentalis, Vernonia noveboracensis and Aster nove-angliie. 

Where all five zones occur, they are very closely crowded together. In 
one instance all-were clearly defined in a space of about fifteen feet. Tele- 
scoping of stages is common. In two instances, young willows were found 
in the midst of the zone of Bidens levis. 

The black willows form a very conspicuous feature of the floor of the 
gorge. They occur commonly in definite lines which parallel the stream at 
a distance of ten to fifty feet. A very striking example of this occurs 
just below the Starr piano factory, on the east side of the river. Other 
lines of trees of this species occur in similar locations farther down the 
river. 

Hydrophytie flood-plains of the usual kind occur commonly in the 
floor of the gorge. These may be so low as to be covered by the river 
at every slight rise, or they may be above the level of the highest: flood 
stage. At the main bend of the river lies a high flood-plain of very con- 
siderable size. Low hydrophytic floed-plains lie on both sides of the 
stream immediately at the Starr piano factory. These are narrow, being 
only a few feet in width at some places. These show a very characteristic 
vegetation, as shown by the following typical list of species: 
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Salix nigra Nanthium canadense 
salix longifolia Rudbeckia hirta 
Populus deltoides Bidens frondosa 

Salix cordata Polygonum virginianum 
Ambrosia trifida Helianthus strumosus 
Impatiens biflora Apocynum cannibinum 
Impatiens pallida Lobelia syphilitica 
Rumex crispus Cicuta maculata 


Later stages of the succession occur at other points. The succession 
is rapid, the tlood-plains of this kind quickly become mesophytic. The 
large flood-plain at the bend of the river is thoroughly mesophytic, as 
shown by the vegetation of the undisturbed portions of it. It is to be 
noted, however, that the very narrow flood-plains of this type do not 
become mesophytic quickly, because of their submergence at every flood. 
By reason of the high gradient of the stream, the current is swift at 
flood time, and very little material is deposited. In this respect, these 
areas differ from the usual hydrophytie flood-plains. 

A third feature of the gorge floor is the presence of numerous and 
well-defined flood-plains of a distinctly xerophytiec nature. These occur 
commonly just below the fall lines, in distinction from those of the sides 
of the ponded stretches. The manner of their formation is easily seen. 
As already mentioned, the gradient of the stream is high, and at flood 
times the swift current carries considerable masses of rock and coarse 
gravel over the lower land immediately below the various fall lines. As 
au result, these flood-plains below the fall lines and at the curves of the 
stream are composed of gravel and rock fragments. The islands at the 
fall line near the lower end of the gorge are subject to the same con- 
ditions. 

The vegetation of these areas is quite distinctive. On the upstream 
side, no plants occur for a considerable distance from the water's edge. 
This corresponds roughly to the bare lower beach of a lake or the ocean, 
and is the region that is covered by the slight rises of the river during 
the summer. The pioneer plants are usually Xanthium canadense and 
Bidens connata. Back of these occur Salix longifolia, Platanus occidentalis 
and Populus deltoides. Of these, Platanus is the typical species, and 
from the bluffs the xerophytie flood-plains may be picked out by the 
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occurrence of this tree, just as the mature hydrophytic flood-plains are 
indicated by Salix nigra. 

Toward the downstream side of these areas, the horizontal succession 
proceeds rapidly toward mesophytie conditions. Soil accumulates around 
the trees and the bare rocks and gravel are soon covered. In these loca- 
tions a rich mesophytic vegetation is found. The following species were 


noted in such a location: 


Salix nigra Ambrosia artemisizfolia 
Ambrosia trifida Helianthus strumosus 
Bidens frondosa Jupatorium perfoliatum 


It is to be understood that the term “xerophytic”’ is here used in its 
broad sense, to indicate that the conditions of plant life are unfavorable 
in these areas. The extreme thinness of the soil will render water absorp- 
tion difficult, however plentiful it may be. The range of temperature 
changes is larger than elsewhere. The trees and other plants are subject to 
partial submergence at every rise of the river. Perhaps the greatest actual 
injury comes from floating ice in the winter floods. Sycamores on a xero- 
phytic flood-plain near the bend of the river were more than half cut in two 
by floating ice, and the upstream side of almost every trunk was dead. The 
willows commonly show a distinct leaning in the direction of the flow 
of the river. 

We may summarize the results of the investigation as follows: Five 
distinct plant formations are recognized in the region studied, and each 
plant association may be referred to one of these five formations: (1) In 
the rock bluff formation, all stages of the succession from the bare, plant- 
less cliff to a bluff covered by a mesophytic forest, are found within the 
area under consideration. (2) The same stages of the succession occur 
in the rock ravine formation. (8) A pond formation occurs at various 
points of the stream, and the stages of the succession from this condition 
towards mesophytism may be traced. (4) Definite hydrophytic flood-plains 
show the usual succession towards mesophytism. (5) Flood-plains of a 
xerophytic nature occur commonly. The succession to mesophytism in this 
formation is very rapid. In all of the formations, the trend of the succes- 


sion is toward a mesophytic forest of the beech-maple type. 
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Report or Corn Poutrnation. II. 


By M. L. FIsHer. 

The work reported in 1908 was continued in 1909. The seed from the 
different crosses reported in the Proceedings for 1908 was planted in 1909. 
In each lot a number of ears were self-fertilized by hand pollination. 

da’. Boone County White, male; Reid’s Yellow Dent, female. 

Forty ears were pollinated. Four were pure yellow and thirty-six wete 
mixed. In a count of 2,000 kernels from mixed ears, 204 showed pure 
yellow, 276 pure white, and 1,520 mixed white and yellow, often cream 
eolor. In this connection it is to be noted that it is difficult to tell when 
a kernel is pure white. The yellow tinge may be so faint that the most 
eareful examination in a good light may not detect it. 

d?. Stowell’s Evergreen (Sweet), male; Reid’s Yellow Dent, 
female. 

Forty-seven ears were hand pollinated. None was pure sweet or 
pure dent. Thirteen showed earlier ripening than the others and were 
smaller in size. There seemed to be a larger proportion of sweet kernels 
on these ears. The stalks on which they grew were also earlier maturing 
and smaller in stature. <A count of 2,000 kernels showed 322 white, 1,165 
yellow, and 513 sweet. The sweet being recessive, the proportion agrees 
fairly well with Mendel’s Law. 

d*. Speckled, male; Reid’s Yellow Dent, female. 

Sixteen ears were pollinated. Four were pure speckled, twelve were 
not speckled. Most of those not speckled were pure red, and a few (3) 
were pure yellow. This also seems to be Mendelian. 

d*. Reid’s Yellow Dent, male; Boone County White, female. 

The record of the number of ears pollenized has been lost or mislaid, 
but ears showed the same mixture of kernels as the reciprocal cross, d’. 
There were no pure ears. In 2,000 kernels there were 486 pure white, 1,306 
mixed, and 208 pure yellow—a close resemblance to the results in d’. 

Various selections were made from the above crosses for 1910 plant- 


ing, but the data are not in readiness to report at this time. 
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AN INVESTIGATION oF A Point DiscHarGE IN MAGNETIC AND 


ELeEctrostatic ETELps. 
By Oscar WILLIAM SILVEY. 


A year ago the writer’ presented at the meeting of the Indiana Acad- 
emy of Science a report of an investigation of the electric point discharge 
in a magnetic field of 1,500 gausses. In this work it was found that 
the stream of air from the negative electrode was in no case deflected, and 
if the glow discharge existed between the points neither positive nor 
negative stream was deflected by a field of this strength. 

The purpose of the present investigation was to repeat with a stronger 
magnetic field the work described in the previous report, to study the 
effect of an electrostatic field upon the path of the spark, and to determine 
if possible the nature and velocity of the partiches composing the stream 
emitted from the points. 

The apparatus used in this and the previous work was that constructed 
by Professor Foley and Mr. Haseman®* for the investigation of interference 
fringes about a point discharge, air streams, and vapor streams. It con- 
sisted of a long wooden tube (Fig. 1), one part of which was made to 
telescope over the other part. This provided a means of separating the two 
parts for adjusting the points and magnet. Another portion (KH, Figs. 
1 and 8) containing a plate holder F was made to fit over the end. Black 
screens (Fig. 4) were placed at intervals throughout the tube so that no 
light would be reflected from the sides. The end of the tube was closed 
by a cap (C), which shut out all light except from a pinhole, as shown 
by Fig. 2. A circular disc with holes of various sizes provided a means 
of regulating the amount of light. A is a 90° are light, the center of 
which is focused on the pinhole by means of the lens B. 

Light was shut out of the tube by placing a piece of plack cardboard 
in front of the pinhole. When ‘a photograph was to be taken, if the dis- 
charge was a glow or a brush, the slide S was drawn from over the plate, 


and after the tube had come to rest, the cardboard was removed until the 


1 Proceedings of the Indiana Academy of Science, 1909. 
2 Not yet published. 


245 


vase of the 
spark discharge which fogged the plate if ex- 


plate was sufficiently exposed. In 


posed too long, the cardboard was first removed 
and the exposure made by withdrawing the 
slide. 

The magnet used was of the Faraday type 
(photographs, Figs. 7 and 8), with pole pieces 
34 inches in diameter, and with a current of 22 
aimperes gave, midway between the pole pieces, 
when 49 mm. apart, a field strength of 6,400 
gausses. Longitudinally through the cores and 
the pole pieces was a hole 2.54 cm. in diameter. 
If the holes were filled by placing in them an 
iron cylinder of the same material as the cores, 
the a field 
strength of 40,000 gausses for a current of 44 
sunperes could be produggik In 


and air gap reduced to 1 mm., 


most of the 


F/ee a Va 
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following work the air gap was 49 mm. and the current 22 amperes. In 
order to obtain a photograph of the current which passed between the 


points transverse to the magnetic lines of force it was necessary for the 


Fig. 7. 


light from the pinhole to pass through the hollow cores of the magnet. 
This was accomplished by fitting the two portions of the tube against 


the magnet, as shown in photograph, Fig. 8. An auxiliary wooden tube 


25 cm. square and 12.5 cm. long was placed between the coils of the 
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magnet to shut out all light except from the pinhole, and to hold rigidly 
the insulating glass tubes, which firmly held the rods containing the points. 


An opening was cut in the upper side of this auxiliary tube and a suitable 


Fig. 8 


cap provided, so that one could easily open it to adjust the points, or to 
observe the nature of the discharge. The inside of all portions of the 


tube and the inside of the hollow cores were painted a dead black. 
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When a photograph of the discharge parallel with the lines of force 
was desired, the magnet was turned with its axis perpendicular to the axis 
of the tube, and the glass tubes, held in position by corks in the hollow 
cores, provided insulation for the rods holding the points. In this case 
also an auxiliary tube 12.5 cm. square and 1 meter long was placed between 
the coils and telescoped into the two portions of the longer tube which 
were too large to fit between the coils. This small tube had a circular hole 
in each of two sides to receive the pole pieces of the magnet, and another 
in the upper side similar to the one in the first auxiliary tube described. 

In all cases the magnet was electrically connected to earth and the 
wires bearing the current were separated from the walls of the room 
and from the camera by means of glass tubing, when they were too near 
for the air to insulate them. All metal parts used in the magnetic field. 
such as screws in the auxiliary tubes, were of brass. 

When studying the deflection of the discharge due to electrostatic 
deflection, the tube was used as shown in Fig. 1. Two brass plates 
8 by 5 cm. were placed one above the other below the points. They were 
held in position by brass rods soldered perpendicularly to them at the 
center. The reds were firmly fitted into glass tubes which passed through 
the upper and lower sides of the tube. For part of the work the plates 
were connected electrically in multiple circuit with the points, while for 
the other part they were charged by means of a small Holtz machine. 
The points were charged by a four-mica plate Wagner electrostatic machine, 
from which the Leyden jars had been removed. Both the Wagner and the 
Holtz machines were run by electric motors with rheostats in circuit for 
yarying the speed. Sixteen different speeds were possible with the 
Wagner, and eight with the Holtz machine. 

The points were made of brass pins 1.15 mm. in diameter and 4 cm. 
long. They were put in a4 lathe, sharply pointed by means of a carborundum 
stone, and made to slope 2.5 cm. from the end. They were soldered into 
the ends of brass rods 5.57 mi. in diameter. 


TRANSVERSE MAGNETIC FIELD. 
The apparatus was first adjusted with the points at right angles to 
the direction of the magnetic lines of force and the photographs of series 
A, B, C and D were taken. 
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Series A is a glow discharge representing the lowest speed of the 
machine. (Nothing was visible between the points in the darkened tube. 
Each point showed a tiny bright speck. ) 

Series B is a brush discharge representing a higher speed. (A violet 
stream extended about 0.8 cm. from the positive point. The negative point 
showed only a bright speck.) 

Series C is a visible spark discharge representing the lowest speed 
at which a visible spark is maintained. The spark was changed to brush 
when the magnet was excited. 

Series D is a visible spark discharge representing the highest speed of 
the machine. 

The six numbers of each series were taken in succession as rapidly 
as possible, it requiring 20 to 830 minutes to complete the series. In the 
photographs, the longer stream is the one from the positive terminal and 
the shorter one the stream from the negative electrode. If the positive 
stream is from right to left it is designated as the first direction; if from 
left to right as second direction. Nos. 1, 2, 8 then show current in the first 
direction, while Nos. 4, 5 and 6 show current in the second direction. If 
the magnet was excited so that the sense of the lines of force was from 
back to the front of the photograph (i. e., after correcting for the reversal 
in direction caused by printing from the plates), the magnetization is des- 
ignated as first direction and those with the lines of force from front to 
back of the page are designated as magnetized in the second direction. 
Following then this plan, Nos. 2 and 5 show the current in a field of the 
first direction, while Nos. 3 and 6 show the current in a field of the second 
direction, and Nos. 1 and 4 show it when the magnet was not excited. It 
may be observed from the photographs that the streams in series A, B, C 
and D are deflected as if they were flexible conductors bearing a current 
in so far as direction of deflection is concerned, thus indicating that the 
stream is one of charged particles. 

The magnetic field strength, measured by a bismuth spiral, was about 
6,400 lines per sq. cm. in the region of the points. The points were 18.05 
mm. apart. The potential of the points was the highest for series B and 
did not increase as the speed increased, as was suggested in the earlier 
work. The potential increased with the speed only until the sparks began 
passing, when it fell sometimes as much as 4,000 volts. When the speed 
was further increased, the current increased but the potential remained 
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practically constant. The following table shows the changes which occurred 
as the speed of the machine was increased : 

Potential expressed in volts, current expressed in amperes. Distance 
between points, 18.05 cm. 


TABLE 1. 
Voltage 
: beta Voltage Current Current ifyie Of discharge 
peed) magnet ee oR enh Effect of magnetism on f f disch 
was excited) Magnetism | Magnetism | Magnetism & See ee 
1 23000 24000 .00014 00014 Glow discharge. 
2 24500 24500 .00017 .00017 ~ qf 
3 25300 25300 .00021 .00021 Small brush at anode. 
4 26200 26200 00025 00025 Increased brush at anode. 
5 26500 26500 | .00029 | .00029 | Occasional spark. 
6 27000 28300 =| .00035 00035 Spark changed to brush by magnetism. 
7 25300 28300 | .00037 00037 | “ os ce a) 5 Y 
8 24000 28300 | 00044 00044 be 3 aha, = 7 
9 23000 | 28300 | .00052 .00049 | 2 ti ie be x 
10 22800 28300 | .00059 . 00054 Se a anes z Pe 
11 22300 | 28300 | 00058 00056 < as pie rie NA x 
12 23000 28300 | 00065 00059 ts Uy oP OD tT bet Was 
13 22800 28300 | .00072 00069 | “partially changed té Brush by magnetism. 
14 22300 26500 00078 00076 i pL ss a a 
15 22300 25000 =| 00083 00083 Path curved but spark not stopped. 
16 22300 25000 =| 00086 00084 ue "spark scattered. 


In the above table, the current was measured by means of a Weston 
milli-ammeter, and the potential by means of an electroscope. This elec- 
troscope was made of two brass discs 10 cm. in diameter mounted in ver- 
tical planes on ebonite supports which were fitted to a common base. The 
distance between the plates could be varied by moving the supports. At 
the top of one of the discs was soldered a support holding a small needle 
upon which was suspended a brass yane which carried a pointer at the 
lower end. The pointer moved in front of a scale which was calibrated 
by connecting in multiple with the discs two No. 12 Thomas Harper needles 
(sharps), measuring the critical spark length between them and comparing 
with the table prepared by H. W. Fisher.*. The position of the pointer was 
read through a telescope placed two meters in front of the scale. The 
potential read by this apparatus amounted to only a rough estimate, since 
it could not safely be trusted nearer than 150 volts. This was especially 
true when the sparks did not pass rapidly in succession because the vane 


3H. W. Fisher, Transactions of International Electrical Congress, Vol. 2, pp. 
294-312, St. Louis, 1904. 
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vibrated, rising almost to the critical spark potential, and falling almost to 
zero. In this case the mean position was recorded. 

It may be observed from the above data that when the form of dis- 
charge was not changed by the magnetic field, there was no change in 
the current or the potential, and that when the form of discharge was 
changed there was an increase in the potential, and often a decrease in the 
current. The photographs of series A correspond to speed 1, B to speed 4, 
C to speed 6, and D to speed 16. 

LONGITUDINAL MAGNETIC FIELD. 

After taking the above data the magnet was turned through an angle 
of 90°, and four series of photographs taken of the discharge parallel with 
the lines of force. These are as follows: 

E—silent glow discharge same as A. 

F—brush discharge same as B. 

G—spark discharge same as C. 

H—spark discharge same as D. 

Distance bet cen points, 17.88 mm. 

Of these photographs, none show a change of form except those of 
series H. In this case the rich spark was sometimes scattered, and some-, 
times transformed to a wide violet brush at the positive point when the 
magnet was excited. In the first case it generally consisted of a visible. 
undeflected central thread, with spiral thread encircling it like the threads 
of a tapering screw, the larger diameter of the spiral being at the positive 
point, and all merging together at the negative terminal. Sometimes, how- 
ever, the central thread was absent and only the spiral showed. 'The sense 
of the rotation of the spiral was the same as that of the halo of luminous 
gases about the spark of an induction coil in a longitudinal magnetic field. 
In degree of deflection it was much less. In the case of the discharge 
studied here, the spiral was only a few millimeters in diameter in a 
magnetic fie!d of 6,400 gausses, while the halo about the spark of an induc- 
tion coil showed a spiral of four or five centimeters in diameter in a field 
of about 1,000 lines per square centimeter. Photographs 8 and 5 show 
the point discharge when the positive ions move in the same direction as 
the lines of force, while in Nos. 2 and 6 the magnetic field is in the opposite 
direction to that of the discharge. Unless there was a change of form of 
discharge, no change of potential nor of current occurred when the mag- 
nets were excited. Some changes of potential with transformation of forn) 
of discharge are as follows: 
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TABLE 2. 
Voltage before ; 
Sheed Magnet Voltage with Type of discharge 
was excited Magnetism Effect of Magnetism on form of discharge 

1 21500 21500 Glow. 

2 22000 21850 Small brush. 

3 22500 22000 Occasional spark. 

4 20000 22500 Changed to brush by magnetism. 

5 22500 22500 No change. 

6 20000 22500 Changed to brush. 

7 18800 26500 oo ee 

8 18800 24000 2 Ne ae 

9 18800 23500 be giant 
10 18800 18800 No change. 

11 18150 25000 Changed to brush. 
11 18150 18150 Not changed to brush. 
12 18150 18150 No change. 
13 18150 24000 Changed to deflected scattered sparks. 
14 18800 25000 Changed to brush. 
15 18800 24000 | Scattered deflected sparks. 
16 18500 25000 Changed to brush. 


The above table shows that there is no regularity in the changes in 
the discharge due to the influence of the magnetism. In No. 11 the spark 
discharge was entirely changed to brush for a while, then broke into a 
spark again, changing sometimes two or three times per minute. When the 
exciting current was stopped the sparking was again resumed. In the many 
complete sets of readings similar to the above it was found that this change 
appearing in No. 11 occurred for any of the spark discharges, but the actual 
condition that caused it was not discovered. One could not foretell when 
the discharge would be altered by the influence of the magnetism. Series 
H, shows photographs of the same sort of discharge as Hi, in which there 
was no change due to magnetism. These were taken twenty-four hours 
later than those of Hi, and on this particular day no change occurred in the 
discharge, when the current was in the direction shown in H,, while on the 
previous day, with the same conditions in so far as apparatus was con- 
cerned, the spark was changed to brush every time the exciting current was 
closed, regardless of the direction of the magnetism. In series H, the 
spark was changed to brush by the magnetism when the other point was 
made positive, the photographs being like the corresponding ones of 
series Hh. 
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TRANSVERSE ELECTROSTATIC FIELD. 
The magnet was then removed and the deflection of the discharge 
studied in an electrostatic field. With the apparatus as previously de- 
scribed and with the electrostatic plates, the points and the electroscope 
shunted in parallel circuit, the four series of photographs I, J, K and L 
were taken. The following is a record of the potential and the current 
in each case, the forms of discharge for series I, J, IX and L corresponding 
to those of A, B, C and D respectively : 


Distance between points, 18.05 mm. 


TABLE 3. 
Charge | ; ; 
Woo an a Sign of | Potential Current 
Berna bottom Right in in 
Plate |hand point Volts Amperes 
| 1) none + 17859 | 00019 
WD itm aet + 17700 00019 
3 — ~ 17600 00016 | 
Pilea he ndue = 16270 00016 | 
| 5 = = 15150 00015 
6 = —_ 16270 .00015 
1| none + | 18900 | 00027 
2 + + 19425 00036 | 
J 3 = | =F 19500 00036 
4 none | — 14700 00026 | 
5 ae —_ 17400 .00026 
6 = — 17250 .00026 
| a = — = 
@igtione oe =e 16800 | .00039 
2} + 4 17700 | .00051 
K 3 = + 19200 .00052 Changed to brush. 
4 none — 15600 00052 
5 + —_ 17900 .00052 
6 — — 18370 00051 Partjally changed to brush. 
1| none JE 16725 | 00092 
2) = + 18000 | 00089 
LI 3 -- -f 17700 00091 
4 none = 13950 00088 
5| + _ 16875 00094 
6 — 16800 .00090 


The variation of the potential and current in any series in the above 
table except for (8 and 6) K, was due to a decrease of speed of the motor. 
This was caused by a drop in potential when a large current was used in 
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some other part of the building. It required at least two hours to complete 
the four series. The current and potential were read just before the pho- 
tographie plate was exposed. 


ELECTROSTATIC AND MAGNETIC FIELDS. 


The magnet was again placed in the position so that the line of dis- 
charge between the points was transverse to the magnetic lines of force, 
and with the electrostatic plates above and below the points, an attempt 
was made to balance the effect of the electrostatic field against that of the 
magnetie field. In this work the plates were charged by a Holtz machine 
with plates 43 cm. in diameter. A ground glass placed in the end of the 
camera opposite the pinhole showed clearly the path of discharge. The 
speed of the Holtz machine and the strength of the exciting current of 
the magnet were then regulated until the stream under the action of both 
fields was the same as when no field influenced it; then, the ground glass 
was removed and was replaced by a photographie plate. Two series of 
these photographs are shown here, M, for the spark discharge which, under 
the influence of magnetism alone was changed to brush, and N for the rich 
spark. It was not difficult to balance the two fields in the case of the 
rich spark, but with the unstable spark they were not successfully balanced. 
Sometimes with this type a very low magnetic field seemed to predominate 
over the electric field. This, if true, conforms with the statement made 
in the previous report that the mugnetic effect is greatest when the dis- 
charge is on the verge of changing from one form to the other. Data as 
follows: 


Distance between points, 18.05 em. ITI is the magnetic field strength in 


gausses. 
TABLE 4. 
Nintiéamee | 1. a kee Man dee Beek ide 
, anti ~otenti : ; 4 alues for 
between Potential | Po ential | Velocity of Form of ? 
Plates | Difference | Gradient | H I Disch: ly 
: seerraitas heise al on ischarge | 
in cm. in Vorts 4 m | 
1 5.4 14600 | 2710 | 4300 | 6.3x107 | small brush | 7.8 x10? 
2 5.4 14600 | 2710 4300 6.3x 10" occasional spark 7.5 x 10? 
3 5.4 15000 | 2780 2550 1.9x 10° wo eet) xal0e 
4 5.4 15000 2780 «| 3800 | 7.4x 10! rich spark 1,92 108 
5 6.1 26890 | 4360 | 1600 2.7x 10° spark 1.36x 10° | Series M 
6 6.1 26800 | 4360 | 1600 2.7x 10° rich spark 1.36x 10° | Seriee N 
| 
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It seems probable that the speed of the ion might be calculated from 
the relative deflection of a similar form of discharge under influence of the 
magnetic and electrostatic fields separately. The distance between the 
points was the same in both cases and therefore the potential at the points 
would, no doubt, remain of the same order, even though there was some 
change. On the photographs a line may be drawn directly between the 
points, and a second line drawn through the extremity of the negative 
electrode perpendicular to the first line. If then a third line is drawn 
from the positive point in the direction of the deflected stream and extended 
to meet the second line, the distance to the intercept of the second and third 
lines from the extremity of the negative electrode should be proportional 
to the defiection. Taking the distance to this intersection for the upward 


deflection, we have: 


2 
H ev Xe 


Hev = K tan 0), in case of the magnetic effect where H is the magnetic 
field strength in gausses, e the charge on the ion, v the speed of the ion, 
8; the angle of deflection, and K is a constant which depends on the poten- 
tial drop along the path of discharge. 

In case of the electrostatic deflection, X e = K tan@, where X is the 
potential gradient between the electrostatic plates and 62 the angle of 
deflection. 

Solving each equation for K we have 

Hev Xe 


e—— = —- 


tan91, tan92 


If the h, and h, are the distances from the negative point to the inter- 


cept in the two cases, and | the distance between the points, we have 


Hvh, Xh, h,X 
—- = —, andy = 


l ] Jayog sb 
Since the discharge does not always pass directly between the points 
when no transverse field exists, it would probably be more accurate to take 
the average value of h for the upward and downward deflection. Making 


(Hv tan 02 = X tan 91), 
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the suggested measurement in case of photographs 2 and 3 of series A and 
2 and 3 of series I, we have 


2.8 x 17600 x 108 
Vv = —- = 4.7 x 10’ em. per. sec. 
3.2 x 5.1 x 6400 


Values for other photographs calculated by the same method appear in 
Table 5. 

The above values for the speed of the positive ions approximate those 
given for positive ions in rarefied gases. The highest value obtained by 
other investigators for the gaseous ion at atmospheric pressure, found 
recorded by the author, is by Helen E. Schaefer of 5x10* em. per second. 
Her value, obtained by use of a rotating mirror, is given as the average 
speed along the spark path, and not the initial speed obtained by the method 
used in this investigation. 

The curved path of the stream in series D can not be considered in con- 
nection with the ordinary formula for centripetal force in solving for a 
value for the ratio of the charge to the mass, because here the ion is under 
the influence of the charge on the opposite point. If, however, the value 
obtained by the above method can be regarded as the initial speed of the 
positive ion the equation 4my*—Ve can be used to calculate the value 


e 

for __, In the above equation m is the mass of the ion, v its speed, V the 
m 

potential between the points and e the charge on the ion. Since y is the 


initial speed the two expressions for the energy are independent of the 
course taken by the ion between the points, and also independent of any 


subsequent speed. Some values of at) calculated by means of this expres- 
m 
sion are as follows: 
e eve 1 (4.7 x 107)? 
Series A Nos. 2 and 3) — = = - = 4,6 x 10? em, per, sec, 
m 2 Vi 2 23000 x 10° 


TABLE 5. 

| | | 

Series. } Nos. in Series. | Speed v in cm. per. sec. =, 
A and I 2 and 3 4.7 x 10" 46 x10? 
Aa Bag | 1 x 108 2.17 x 10° 
Bas id Qe 8 | 2.6 x 10! 1.3 x10 
(OMS << DRS: | 6 x10 6.7 x10? 
(Ch era 5 a6 2.7x 10! iS) exsl0? 
5.12 x 10° 


D 1.6 x 108 
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The average speed of all results is used in determining the value of fer: 
m 


4 e 
given for series D. The values for —— column 4 are calculated for series 
m 


A, B, C and D only. The values for given in table 4 are determined 
m 
in the same manner as shown above. 


A great variation exists in the calculated values of the speed, and con- 


2 A € Abe 
sequently in the determination of__. One cause for this is, no doubt, the 
m 
error introduced in measuring the potential. Also since the measurement 


of speed is determined by deflection, a large error may be introduced, 
due to convection currents, due to the heated air along the course of the 
spark, and to disturbances of the air due to rapid changes of pressure along 
the spark path. 

It may be observed that the path of the stream from the point (except 
in case of the spark discharge in the magnetic field), is a straight line and 
not a curved path. There is very little if any bending to meet the oppo- 
site point. If we consider the stream as composed entirely of ions we 
might explain this phenomenon by supposing that the ions either lose 
their charge immediately after leaving the points, or by assuming that 
each ion is given a constant acceleration in two directions at right angles 
to each other. Another view may probably be taken in which the photo- 
graphed stream is considered to be a mixture of ions and air molecules 
under different pressure than the surrounding air, hence having a different 
index of refraction. The ions start at a high speed from the point in a 
direction which depends on the influencing fields. They soon encounter 
molecules of air imparting their speed to a great extent to the air mole- 
cules. This bombardment on the air molecules tends to ionize them and 
to raise their temperature and the original ions, with the ionized and 
un-ionized molecules of air continue a short distance at least, in the 
original direction. The unionized air particles would continue along this 
line until seattered by encountering new molecules, while the ions, too much 
scattered, and with speed too much decreased to produce a well defined 
air current, travel by some other route to the opposite electrode. 

This view explains the apparent contradiction that, although there 
must be a carrier of electricity between the points, the photographed 
stream does not terminate on the opposite point. In case of the rich spark, 
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which takes on more and more the form of an are as the speed of the 
machine increases, the air insulation is broken down, the air is more 
highly heated and more highly ionized along the spark path, and a greater 
number of ions will travel along this narrow path with great speed and due 
to the outer ones encountering the air molecules, the stream will follow 
more nearly the curvature of the spark. Farther from the point their 
speed becomes so small and they become so much scattered, they do not 
set up a stream so well defined. This same hypothesis applies to the expla- 
nation of the scattered stream when it was defiected by an electrostatic 
field. The stream retains practically its original diameter past the oppo- 
site terminal for the magnetic deflection in case of the glow and brush dis- 
charge, and although scattered may be traced nearly to the opposite point 
in the spark discharge. In case of the electrostatic deflection, the dis- 
charge without the transverse field is quite as well defined as those of the 
magnetic deflected series, while with the transverse electrostatic field the 
stream is short and not so well defined. If the ions moving with great 
speed start from the point, and soon by their bombardment start a current 
of air, at the same time lowering their own speed, they will certainly 
be scattered, part of them going to the oppositely charged plates, and part 
to the opposite point. 

If the majority of the negative ions are considered to be ordinary elec- 
trons and those from the positive point equal in mass to the hydrogen 
atom, the kinetic energy of the positive ions will be far greater than the 
negative. They will therefore carry with them a greater current of air. 
Perhaps it may be permissible to assume that the negative ions are not 
all single electrons, since it has been shown by J. J. Thomson‘ in case 
of discharge is rarefied gases, that negative ions exist nearly equal in 
mass to the positive ions, and have the same initial speed. The greater 
the per cent. of these large ions the greater will be the amount of air 
set in motion, the greater the velocity of the stream as a whole, and the 
more defined the stream. If, then, the assumption is made that the stream 
fs produced by the larger ions, it explains the equal deflection of the posi- 
tive and negative streams in case of the magnetic deflection. 

A few of the photographs show peculiar characteristics. In some 
there are two streams from the positive point. It was not learned whether 


«J. J. Thomson (Phil. Mag. Ser. 6, Vol. 16, pp. 657-691), 1908; also (Phil. 
Mag. Ser. 6, Vol. 18, pp. 821-844), 1909. 
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this was caused by two branches of the discharge, or by a change of direc- 
tion of the discharge during the exposure, but the clear interference bands 
ahout the stream indicate that the former is correct. Another is the 
peculiar deflection of the negative stream of No. 6 F. Many photographs 
were taken and many observations were made with the ground glass in an 
attempt to secure a duplicate of this, but with no success. 

In the previous work the negative stream was not deflected by a mag- 
netic field of 1,500 gausses, but in this the deflection was well shown where 
the stream is clear enough. The negative stream is in very few cases as 
long or as well defined as the positive. Also in the previous work, it was 
found that if the knobs of the electrostatic machine were placed sufficiently 
close together, a spurk passed between them, while between the points 
there was a violet stream, which was not shown on the plate or per- 
ceptibly deflected by the magnetic field. An attempt to deflect this stream 
with a stronger field was not successful. 

In repeating the work of Precht’. particular attention was given to his 
observation with the point cathode and the blunt wire anode, that the spark 
changed to brush and the porential rese when the magnet was excited. 
The writer found that this change occurred in a great majority of the 
observations made, but it was found to occur also in as great a per cent. 
of the obseryations, whether the discharge passed between the points, | 
point anode and blunt wire cathode, or point cathode and blunt wire anode, 
whatever the sense of the magnetism with reference to the current. In a 
few cases a brush would break into a rich spark, but all attempts to deter- 
mine the conditions which caused the changes were unsuccessful. In the 
previous report it was suggested that in case of the discharge between two 
points the change in type of discharge might be explained as a result of a 
change of the spark length, but after repeating the experiment it was 
concluded, as was suggested by Precht®, that although the length of spark 
path might be partly the cause, it was not the whole cause. No attempt 
was made to reproduce the exact condition of Precht’s experiment either 
in the form or size of the point, but no doubt if these had been fulfilled the 
atmospherie and other conditions would have entered which would have 
made the results variable because with no part of the apparatus altered 
in any way entirely opposite transformations were found to exist on 
different days. 


5 J. Precht, Wied. Annalen (66-4, pp. 676-697), 1898. 
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As a final study three mg. of radium bromide were placed beneath the 
points, in an attempt to change the form of discharge, as described by 
A. E. Garrett®, for discharges between blunted wires. The radium, which 
was contained in an unstoppered glass tube, was held by an ebonite rod so 
that both « and ? particles might reach the air in the path of discharge. 
No effect was observed except that which could be produced by a glass rod 
in the same position. 

SUMMARY OF RESULTS. 

A summary of the results, as given in this and the previous report, is: 

(1) The positive stream between the points for a spark or brush 
discharge was deflected by a magnetic field as low as 1,000 gausses, and 
both positive and negative streams for glow, spark and brush discharge 
were deflected by a magnetic field of 6.400 gausses. In all cases the 
direction of deflection was in accordance with electro-dynamical laws. 

(2) In most cases a change of type of discharge, and an increase of 
potential between the points was caused by excitation of the magnet. 

(3) The direction of the photographed stream for a spark discharge 
as it leaves the point is the same as the visible direction of the spark. 

(4) The size of the stream at the points (measured with a microm- 
eter microscope between the outer edges of the central dark band) is 
independent of the potential between the points. 

(5) The stream was deflected by an air current, the negative being 
deflected more than the positive. 

(6) The stream for the richer spark (i. e., for the higher speeds of 
the machine) increased in width as the distance from the point increased, 
while the stream for the glow discharge retained its original size as far as 
it could be traced. 

(7) The stream was deflected by an electrostatic field, in which case 
it was shorter and more scattered than in case of the magnetic deflection. 

(8) Values for the speed of the ion were calculated from the angle 
of deflection, in magnetic and electrostatic fields, and by placing the two 
fields in opposition. The average of these was 1.6x10*° cm. per second. 

(9) From the kinetic energy of the moving ion and the product of 


e 
the potential between the points and the charge on the ion values for —— 


m 
are calculated, the average value found being 1.8x10"*. 


6A. EH. Garrett, B. Se—The Phys. Soc. of London Proceedings, Dec. 1909, 
page 643. 
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(10) A suggestion is given that the stream consists of heated air 
molecules and ions, in which the latter soon lose their velocity, due to 
encountering air molecules, and travel to the opposite point with a speed 
too much decreased to set up an air current, along a route determined by 
the two fields, while the un-ionized air moves in the direction given it by 
the ions at the point. 

The above investigation was suggested by Professor Arthur L. Foley, 
of Indiana University. I wish to thank him and Professor R. R. Ramsey 
for their helpful suggestions during the course of the investigation. I wish 
also to thank Professore A. T. Jones and C. M. Smith, of Purdue University, 
for their criticism during the preparation of this report. 

Physical Laboratory of Indiana University, 


Bloomington, Ind. 
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THe Huron Group In WESTERN MoNROE AND FJASTERN 


GREENE CountiEs, INDIANA. 


By F. C. GREENE. 

The opening of the right-of-way of the Indianapolis Southern Railway 
between Indianapolis, Indiana, and Effingham, Illinois, presented an un- 
usual opportunity for the study of the so-called Huron group, west of Bloom- 
ington, Indiana, in western Monroe and eastern Greene counties. The 
fluron group is the youngest formation of the Mississippian of Indiana. 
The name Huron was first apyplied by Dr. Ashley in his paper on the 
Lower Carboniferous Area of Southern Indiana. 

The type locality is at Huron, Lawrence County, a station on the B. & 
O. S.-W. Railway. According to his definition, the boundaries of the Huron 
group are fixed at the base of the lowest sandstone in the group and the 
unconformity at the top which marks the division between the Mississip- 
pian and Pennsylvanian. The discussion of his reasons for so drawing 
the limits at these points may be found in his report and will not be re- 
peated here. However, as the name Huron is preoccupied’, it must be 
replaced by another, and it is here proposed to substitute the name Chester, 
as the group can be correlated with the upper Mississippian of Illinois 
or Kentucky. 

Blatchley gives a concise summary of the formation.* He says, “In 
Orange County, where the Huron group is perhaps the most typically ex- 
posed, it is represented by a lower limestone, a lower sandstone, a middle 
limestone, an upper sandstone and an upper limestone. . . . 

The lower Huron limestone is a compact, smooth-grained, ash-gray to 
blue limestone, which varies from five to eight feet in thickness. In struc- 
ture it is a close-grained, fine-textured, non-crystalline stone, breaking with 
a sub-conchoidal fracture. ... . 


1 Ashley, G. H., Dept. of Geol. and Nat. Res. of Ind., 1902. 
2In the Rept. of Progress in 1869, Geol. Survey of Ohio, Part I, p. 18, Dr. S. 
W. Newberry proposed the name Huron for a shale formation of the Devonian of 
Ohio. 
SBlatchley, W. S., Thirtieth Ann. Rept. Ind. Dept. Geol, and Nat. Res., pp. 144- 
145. 


The middle Huron limestone is usually a close-textured, semi-crystal- 
line, gray fossiliferous limestone which varies in thickness from 5 to 30 
feet; averaging about 16 feet. ©. . = . . 

The upper limestone averages about 15 feet in thickness, is more nearly 
crystalline in structure, varies from dark to light gray in color, and con- 
tains many crinoid stems and bryozoa. It takes a fine polish and resembles 
marble when so treated, but does not hold its polish when exposed to the 
atmosphere. 

The general section in the area under discussion is: 

10—Shale and sandstone of Pennsylvanian age, which is uncon- 


formable on the beds below. ITIIuron (Chester) Group. 


¥t. 
Upper )—Limestone and shale, calcareous, grading from 
limestone. breeciated limestone at bottem to shale at top; 
limestone composed largely of bryozoa with few 
foraminifera; locally Known as marble....9...... 20 
Upper S—-Sandstone, a heavy bed of ferruginous, reddish, brown, 
sandstone. or white, hard or .soft. amimdted! <2... es Syasereneag 40 
Middle 7—Limestone, crystalline, generally light colored, oc- 
l'mestone. casionally. odjitie, foraminiferal: .....\-:. casi. apis 6-21 
Middle 6-—-Shale. argillsceous or arenaceous, weathers red in 
sandstone. TVA GES SS tte nite A a ates cli naie oy. BE 1.09) «ok a6) ae 20-25 
5——-Sandstone, similar to upper, except much more cross- 
FOE LL ey ceceee chores Oo ete h atic erg Sinn. ba eo dv ee eee 25 
4—— Shale Gark:, Dituminons....%. sieie a eye ole > Getter 0-12 
Lower 3—Limestone, thin bedded, odlitie or lithographic....... 2-5 
limestone. 
Lower 2— Shale; arenaceous or sandstone: ......6.s.52.+ +608 4-12 
sandstone. Mitchell limestone. 


1—Limestone, white, finely odlitic. 


SUMMARY OF PREVIOUS WORK. 

Cox. in a report on the geology of Greene County’, says: 
“Sub-Carbonferous Limestone.—At the mouth of Fish Creek, in the 
northern part of the county. limestone belonging to the Chester group of 
the sub-earboniferous formation, outcrops in the bluff bank of the creek, 
and is exposed to the depth of 15 to 20 feet, and is at this place overlaid by 


drift, but at a short distance to the southwest it is increased by the addi- 


1st Ann. Rept. Geol. Suryey Ind., 1869, p. S87. 
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tion of 2 to 5 feet of shale, with an irregular thin bedded seam of Coal A 
and the Millstone Grit. Some of the layers contain a few fossils. The 
following comprise all that could be recognized: Orthis umbraculum, 
Archimides wortheni, Athyris subtilita, Pentremites obessus, P. pyriformis, 
Spirifer incrassatus, Productus carbonarius, P. cora, and an abundance of 
encrinite stems. It belongs to the upper member of the sub-carboniferous 
limestone, and is designated by Prof. A. H. Worthen in the Geological 
Report of Illinois as the Chester Group. 
“The greatest development of this limestone seen in Greene County, is 

on Beech Creek, a branch of Richland Creek, on section 12, township 7, 
range 4, where it forms a great mural precipice, capped with sandstone of 
the Millstone Grit series. The following section was obtained at this 
locality : 
“Brownish-gray sandstone, in thick beds which has the ap- 

pearance of being most excellent building stone............ 25 feet O in. 
Shale, which thickens up to many feet and in places contains 

(CHOSILSS, a eta aen ce heuear prc ORCI Des rata) atconsa aceon sercusheuate ale auras eee 1 in. 
Buff colored limestone in which I saw Pentremites obessus, 

P. pyriformis, and Archimides wortheni............ Styne 20 feet 
ayes GlOUSESMAlen Pact) ya COVERCOe ye ae) a eters) olololeral cle ele aleleisiene 25 feet 


Bluish limestone (in which I saw no fossils, with intercala- 


tions of sandstone, mostly covered by talus............... . 50 feet 
MIRO TERNS cy atcv ens sievel sConereraus elena <i AoE A A OO ORG c 120 feet 1 in. 


“At the junction of the sandstone and limestone at this locality, there 
gushes forth a mammoth spring of good cool water. . . . . . 

“The sub-carboniferous limestone makes its appearance at the base of 
the hills along this creek for a distance of several miles, and is overlaid 
by a few feet of shales and the massive sandstone at the base of the Mill- 
stone Grit. It also makes its appearance at the ore banks on Ore Branch 
of Richland Creek in section 28, township 7, range 4, and on the eastern 
border of the county line near the Virginia blast furnace along Richland 
Creek.” 

Professor Cox has probably mistaken the heavy sandstone above the 
middle limestone for the Millstone Grit (Mansfield sandstone), and has con- 


fused the limestones. 
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Ashley, in the coal report on Greene County’, says: 

“Lower Carboniferous.—The Kaskaskia is well represented in this 
county by limestone and sandstone, with some shales. 

“The uppermost limestone, which is not very persistent here, usually 
is found but a few feet below Coal I or the equivalent horizon. This lime- 
stone, while often absent, attains a thickness of 20 feet in places. Then 
comes a variable thickness of sandstones and shales, and below that still 
heavier beds of limestone. The lower limit of the Kaskaskia is somewhat 
in doubt, as by some it is drawn at the top of this lower limestone, by others 
part way down it. The lower part of this limestone is probably of St. 
Louis age, and extends down into the Mitchell limestone.” 

Paragraph 1258". Section at William Sexton’s spring, S. W. of S. E. of 
Sec. 16-6-3. (C. E. 8.) 


1 Massive: bull sandstone /(Alansfield)). 2... -. Adc. cisa os 2 oo ele 20 
2) vEleayyalimestone: (LOWE: CRIED SD) aya scctee sels p oeleue once a. oka ee 14 
oe) USMUISH STOO SHALCL Ak 5 pe) apni aenete «tena © ayeisnsas 3 atav vie ge ater .9)0 6 Gj peara eae 6 


In the report on the road materials of Greene County, Blatchley says :* 
“TWuron Limestone—The rocks of the IIuron group lie close to the surface 
over the greater part of Greene County, east of White River. On the high- 
est ridges and hills they are capped with the Mansfield sandstone. For the 
most part the exposed Iluron rocks are also sandstone, but several localities 
there are outcrops of hard bluish Huron limestone, which appear well 
adapted for road improvement. 

“The principal one of these exposures visited was on the land of 
George Cox, southwest quarter of the northwest quarter of section 3 (7 N.., 
4 W.). At this point the Indianapolis Southern Railway Company was con- 
structing a viaduct 2,215 feet in length and 147 feet in height across Rich- 
land Creek, and a quarry had been opened to secure crushed rock for the 
concrete work in connection therewith. In this quarry the blue limestone 
was exposed in fourteen layers, each four to thirty inches in thickness, and 
aggregating seventeen feet. This limestone was both overlain and under- 
lain with a Huron sandstone, the overlying portion being three to seven 

5Ashley, G. H., 23d Ann. Rept. Ind. Dept. Geol. and Nat. Res., 1898, p. 770, 
par. 1250. 

‘Op. cit. page 77 


9 
* Blatchley, W. S., 80th Ann. Rept. Ind. Dept. Geol. and Nat. Res., 1905, 
p. 894. 
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feet in thickness, which, with a foot of soil, had to be stripped. Yhe lime- 
stone appeared to be very hard and semi-crystalline in structure. 

“Another exposure visited was on the land of George Shipman, north- 
east quarter section 15 (7 N., 4 W.), where a quarry has been worked for 
macadam road material. At this point the blue Huron limestone was ex- 
posed to a thickness of fifteen to seventeen feet, with four to seven feet of 
buff Huron sandstone overlying. Sufficient material to cover six miles of 
road had been secured at this quarry, the supply in sight being practically 
inexhaustible. 

“The same stone outcrops at many points along Beech Creek, and espe- 
cially in section 12 (7 N., 4 W.), where it forms part of a great precipice 
or perpendicular bluff, 120 or more feet in height, the upper portion of 
which is a massive bed of Mansfield sandstone.” ; 

This latter is evidently the same exposure as that measured by Cox. 

Shannon, in the report on the iron ores of Greene County’, cites several 
instances of the replacement of limestone by iron as in section 6 below, but 
does ot discuss the stratigraphy. 

From the foregcing it will be seen that very little work has been done 


on the stratigraphy or paleontology of the Chester in this area. 


SECTIONS. 


The following sections were obtained along the right of way of the 
Indianapolis Southern Railway, with the exception of Number IX, which 
was taken at the locality mentioned by Cox and Blatchley on Beech Creek, 
being about three-fourths of a mile south of VIII. The sections are shown 
on the profile. 


eS ales San divee aN CSOs ce sietace arc che sions ele secs atte 15 
ARS AMAS TONE. | SOL’ pLOMaISM = wale cre ats eve -faycse "aici oxe oie nerseetees 22 
38—Shale, argillaceous, sandy in places and grading 

IMEOASHUGSLOME NAL DOLLOMG .\5 2:25. c. «)sssraeieres a eee 2 
2—Limestone, upper 2 in. odlitic and very fossiliferous, 
lower part with very few fossils beside forami- 


MMT ah 5c. taco eer ogeench te sfoiiay oiepavoin ahs snarerccsiagelare neceuat: 2 

f—- SHANE arrillaceouss tO LLACK 2 oye oc o:0 ysis, ae scissors aoe 10-12 

II. 7—Sandstone, soft, ferruginous, cross-bedded........ 20 
6—Limestone, hard, fossiliferous, odlitic in places.... 6 


TShannon, C. W., 31st Ann. Rept. Ind. Dept. Geol. and Nat. Res., 1906, p. 373. 
[18—26988] 
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BABI). stones Abobo spo aC LEN hs Gh eRe pe ageietehe 3 
4—Covered slope............. Se Oe ee ea ete! Aan ee PAA 30 
Se SAMUSHOME) Ame ie 5 cetera iecterers ercieteh pete carers cece cearacae 17 
DE COVELCUGSIOPO is cas fe erlacehece De ee ee Eieiereere:s 27 
i—Mitehell lnumestone (CxpoOSsed))is.. see ee ee sete 5+ 

Mer 4 —— SAN GStOME 1M suits, -pesae horses loneret « cuneeeiekes eie = heh stem 10 
3—Covered slope to track ............ Sheer, ae ee 10 + 
2 AIM ESTOOS With) Spill eae ese. cee. iersers ea craton 10 


1—Covered slope to creek. 


LV. 4—Sandstone and shale, with thin. coal and iron-ore 
(Pennsylvanian). 


SAO VOLE ais terial cieiG) atorecor aie athe fogs vecalin ie tone erase ane rehamie ss 12-15 
2—Limestone, exposed 4 
MC OVOT EM tase cto tel atone te vorereiaee tele seve toe taty eats we otees ods 4 
V. 4—Covered to level of track. 
Fe ATICLSLOIC 2.5 sac iv aie, emorte tacts aveieekaan eye Saauer area the ote fig oes 40 
D——OOVELCH SlOPC Gs oh cc sretnrars connate MC tase PES van uate cine 20 
1—Limestone, spring at base—exposed............... 7 
Vil 3— Olay, Shale AMG SANUSEOMES oi) cvelete eens w ieleis a asein nt sl aye 24 
2—Jron-ore (replaced silicious limestone)............ 
ST Ones MR OOS SGD ie Ee OM ne ian co eae Le Pee ra 
VII. 4—Shale and sandstone, latter predominating........ 2 
$—Sandstone, rather cCaleareous ......04.%. sac. 1 
Shale argillaceous: or calcareous.......0.2. 6.26 12 
J Sandstone sec, Arey eial tiene ace Mia Airdate sh askh gp ath dia sone ae Ue 
WG URLR IETS —— SOUL ereiate eee coe ee SAS ota ie wroh wits Port te’ eeterdi naa. she ater area eens 4-5 
16—SamMastone. LDIN-DECMeU! aides ca ccc so ts aki amynnr sae 
Unconformity. 
15—Limestone, ferruginous, weathers to iron-ore...... 
SAG eae eae eiere le, ease Set Ld = (isla e < Srertaaelenatanents 4 
1S ——WIMEStONE! THOME eerie yc tte eceir ithe >< telraie ei atolete eras 3 


12—Covered slope. fragmentary limestone and sandstone, 

Dub mMoOstliyislale etree inte s «the ote eccuepternate fete 10 
1 Toimiestone as the eee cteacaee’ os ei som bl vrs. ore Aroonememece treats il 
MOSS ale: 2 secrete eae sete © sedate ahoka wha era evened reer 
S=ATiMeEStOne WKG INO Bi anata otcnces a¥e) sane esi se: oherre: she Meenas 1 
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PROFILE OF INDIANAPOLIS SOUTHERN R.-R 
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Sa— SMA OA OLIVE se sects e ness tte Ae ree a tae sateen sieine 6 
i—lIntmestone; hard’) ani cme Lacie eae Seem eins 4 
G-—_Shale Volives vas Posenae see teen Gia ee herd ase aie ioney wreveiaye 8 
o—Limestone, four layers, cross-bedded, hard crystal- 

lines" LOSSiIeKOUSH hee. pe ne ete ee ene tee 3 
4—Limestone, cross-bedded and brecciated........... 2, 
3—Shale parting with a limestone lens............... 0-10 


2—Taimestone, hard, fossiliferous, brecciated, so-called 


BATT LP thier sset le veuece Picts ccc oel cy Pat okeh ako ei eee ete 3 9 
USSG Con naar DE haan a eeine a ear ag Mielioedieta sro'moaiin Gio ot ae 2 6 
Pee ——sancdstone, even bedded! 4... i226. cen see eeee ee 40 + 
Py DEI CE SUOME: Actrar atic vacs Behe tttaxshate clase tinea ACR EE EI 20 
5h—Shale, sandy or argill., weathers red in places..... 20. 
Bie (BON TLC Mme Aina ces era ayle alr iiska) aed. alticy nicticat alee eT RO 25 
BI LAGI YONNEY jeloubbeloxerd (@keYGls sitans eee apie Hod oacaes aa bie a 
2 SAM StOMe tI MMT CECA GLO sie euslcie eps sioneieke. sane 2-6 
1-—Limestone, odlitic,.probably Mitchell.............. 10 


X. 8—Covered slope to track, sandstone in lower part and 


IMO MO a AUN SE MIUISON Os oo ace woo we nd Hane te oad ar 40 
Zack) Lees) KONE ery cee ERC RENS tet CARE ROR PRORERCR ALOE EN eR SC Ty 
1—Covered slope and sandstone to Richland Creek.... 90 


DISCUSSION OF STRATIGRAPHY. 

When the attempt to unravel the stratigraphy of the group was begun, 
some trouble was encountered: (1) the unconformity which limits the 
group at the top; (2) the deposit of glacial drift in the area bordering 
Richland Creek; (3) the solution of the underlying Mitchell limestone on 
the eastern border, developing large folds and the collapse of strata; (4) 
selution of the limestone layers in the Solsberry formation; and (5) the 
fact that the Solsberry sandstones and shales have a tendency to be 
more or less cross-bedded and lenticular, as would be expected of a shore 
deposit. These factors detract somewhat from the correct interpretation 
of the stratigraphy. 

Sections in the underlying Mitchell limestone in the region studied 
show that in most cases the top of the latter formation consists of a very 


typical white odlite, differing materially from that of the Chester. Ash- 
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ley? noted the occurrence of odlite in the Mitchell limestone in many 
places; it has therefore been thought safe to consider this odlite, in the 
area studied. of Mitchell age, especially as the stratigraphic relations seem 
to confirm this view. 

At 1°, the Mitchell odlite is at the level of the track and is overlain 
by 8.5 feet of sandstone. West of this the Mitchell limestone forms the 


surface rock so that sinkhoies are a conspicuous feature, but sandstone 
fragments are found. The relations of the strata at 2 have been greatly 
disturbed by the solution of the underlying Mitchell limestone so that a 
synclinal fold has been developed. Section I was taken at this point in 
the eastern part of the cut. The lower limestone, No. 2 of the section, has 


been dissolved to such an extent that only isolated blocks remain in the 


8 Ashley, G. H., Carboniferous Area of Southern Indiana, 27th Ann, Rep. Ind. 


Dept. Geol. and Nat. Res. 1902, p. 82. 
® Numbers refer to cuts on accompanying profile section, 
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eastern part of the cut, while it has entirely disappeared from the western 
end. It is likely that the layer is thicker than two feet, as other exposures 
seem to show. The area between cuts 2 and 3 is a large compound sink. 
On the north side of the track, the Mitchell is found about thirty feet below, 
with ten feet of hard, light-colored sandstone overlying. On the south 
side, fifteen feet below the track, three feet of the lower limestone out- 


Mie 


crop. Shale occurs below it, but most of the section is covered. In cut 3 
the following section was obtained : 
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1—Limestone, lower, in ditch. 

In the eastern part of this cut the solution of the underlying Mitchell 
has again caused a synclinal folding of the beds. The shale No. 6 (of 
gen. sec.) first occurs in the top of the next cut 4 and continues in 5, 6, 7 
and 8. It is a sandstone or arenaceous shale at the bottom, becoming more 


shaly in the middle and finally a clay shale at the top, in cut 8. From 
the exposures in cuts 4 and 5 it appears that a slight local unconformity 
may exist below this shale. In’ the enstern part of 8, the middle limestone 
first appears. Section II shows it to be 77 feet above the Mitchell as 
exposed in the valley below, which conforms with the dip and thickness of 
the underlying beds. This limestone appears at nearly every point west 


of cut 8, where its level is reached and its lower limit is marked by a spring 


horizon. The correlation is based on stratigraphic, lithologie and paleon- 
tologic evidence and on the presence of springs in a few instances, It 
thickens progressively to the west, and on the east bluff of Richland Creek 
a quarry in it furnished rock for the railway viaduct. The cuts 8 to 21, 
inclusive, are in the upper sandstone with the exception of 18 and 20, 
This sandstone forms one of the prominent features of the topography. It 
is a reddish, ferruginous, laminated stone, appearing soft in the cuts but 
generally weathering into a hard bluff-forming stone where the drainage 


has cut through it. At places shale appears at the level of this sandstone, 
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These places may indicate lenses in the sandstone or shale of the overlying 
unconformable Pennsylvanian rocks. 

At 18 the cut shows the unconformity and a mass of bog iron ore, coal 
and purplish-drab shale, resting on the sandstone only a few feet above the 
upper limestone. In cut 20 and the top part of 21, Pennsylvanian shale 


rests unconformably on the upper sandstone. 


Between Solsberry and the viaduct, the railroad grade is about on a 
level with the top of the upper sandstone so that nearly all the cuts are 
in Pennsylvanian rocks. At 27, section VI was obtained. ‘The iron ore 
(replaced limestone) of this section appears to be correlative with the upper 
limestone from stratigraphic and faunal evidence, which, however, is rather 
meagre. Coal occurs beneath it, while the sandstone above is probably of 
Pennsylvanian age. 

Owing to the fact that it is replaced, only casts of shells remain, and 
in many cases these are unidentifiable. In view of this the correlation with 


the upper limestone must be tentative. 


280 


Section VII was obtained in the eastern part of cut 33, known as the 
“Head Cut.” The western part of the cut is Pennsylvanian, an uncon- 
formity occurring about half way through the cut and above the upper lime- 
stone, so that the limestone may have been thicker than now exposed. This 
limestone is undoubtedly to be correlated with that in cut 35 (see section 


VIII) on stratigraphic and lithologic relations as well as faunal evidence. 


The lower layers of the limestone in section VIII are brecciated and the 
limestones in both sections VII and VIII contain fragments of a sandstone 
similar to the underlying upper sandstone, while many species appear for 
the first time. The intervening cut, 34, contains sandstone, probably of 
Pennsylvanian age, and obscures the relations of cuts 33 and 35. 

From the foregoing it will be seen that there is an apparent uncon- 
formity between the upper sandstone and limestone, which may account 
for the peculiarities of section VI. 

The stratigraphic relation of the middle and upper sandstones and 
the middle limestones are easily determined, but there is some doubt as 
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to the lower limestone and iower sandstone owing to the absence of ex- 
posures to the west. Section IX shows at the bottom of the slope, 15 
feet of limestones, the upper 5 feet of which is thin bedded and contains 
fossils similar to the lower limestone in section I, except that the bryozoa 
are more conspicuous in the latter. The lower ten feet have a striking 
resemblance to the Mitchell limestone (o6dlite) both in appearance and 
fossil content, while between the two there is a thin intercalation of sand- 
stone which is possibly the lower sandstone. The level of the rocks corre- 
sponds to the dip and thickness of the formation, but it is possible that the 


whole thickness belongs to either the Solsberry or Mitchell. 


FAUNA. 


The fauna of the limestones is rather large and well preserved, that of 


the sandstones and shale very meagre. The faunal lists follow”: 


Lower limestone in section J. Spirifer sp. 
Endothyra baileyi Hall. Martinia contracta M. & W. 
Zaphrentis sp. Microdon subelliptica Hall. 
Echinocrinus sp. Pelecypod sp. 
Crinoidea 4 sp. Pleurotomaria subglobosa Hall. 
Batostomella abrupta ? Ulrich. Straparollus sp. 
Fenestella sp. Strophostylus carleyana? (Hall) 
Dielasma sp. Keyes. 
Productus burlingtonensis Hall. Loxonema yandellana Hall. 

var. Solenospira attenuata (Hall) 

Derbya sp. Ulrich. 


10 Prof. R. M. Bagg, of Illinois University, has kindly consented to examine the 
foraminifera of the collection, which appear to be rather abundant. At this time, 
his examination has not been completed and this important part of the fauna must 
be omitted. ua 
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Cyclonema leavenworthana Hall. 

Bulimorpha buliformis Hall. 

Microchelius stinesvillensis ? Cum- 
ings. 

Bellerophon sublevis Hall. 

Orthonychia acutirostre (Hall) 
Keyes. 

Leperdita carbonaria Hall. 

Griffithides bufo? M. & W. 


Mitchell ? limestone in section IX. 


Hemitrypa 7? sp. 

Polypora sp. 

Martinia contracta M. & W. 

Productus burlingtonensis Hall. 
var. 

Dielasina turgida ITall. 

Spirifer leidyi N. & P. 

Derbya sp. 

Bellerophon sublievis Hall. 

Orthonychia acutirostre (Tall) 
Keyes. 

Griffithides bufo M. & W, 


Lower limestone in section 1X. 


Zaphrentis sp. 

Crinoidea sp. 

Streblotrypa nicklesi Ulrich 

Cystodictya ocellata? Ulrich. 

Intrapora undulata (Ulrich). 

Stenopora tuberculata var. poly- 
morpha Prout. 

Fenestella tenax? Ulrich. 

Fenestella sp. (reverse). 

Batostomella abrupta Ulrich. 

Rhombopora cf. nicklesi Ulrich. 

Rhombopora sp. 


Archimedes communis? Ulrich. 


Bryozoa sp. 

Martinia contracta M. & W. 
Spirifer leidyi N. & P. 
Spiriferina sp. 

Productus sp. 

Straparollus sp. 


Jfiddle limestone in section IT. 


Jndothyra baileyi Hall. 

Zaphrentis sp. 

Pentremites pyrimidatus Ulrich. 

Hchinocrinus norwoodi Hall 
(spines). 

Crinoidea 2 sp. (stems and calyx) 

Lioclema? araneum Ulrich. 

Rhombopora bedfordensis Cum- 
ings. 

Rhombopora sp. 

Ienestella serratula Ulrich. , 

Ienestella compressa Ulrich. 

Fenestella sp. 

Hemitrypa proutana Ulrich. 

Iistulipora spergenensis 7 Ro- 
minger. 

Archimedes laxus? (Hall). 

Polypora sp. 

Dielasma turgida Hall. 

Dielasma formosa Hall. 

Martinia contracta M. & W. 

Seminula trinuclea Hall. 

Spirifer leidyi N. & P. 

Derbya keokuk Hall. 

Productus burlingtonensis Hall. 
var. 

Productus parvus? M. & W. 

Productus cora? D’Orbigny. 

Cypricardinia indianensis Hall. 

Microdon subelliptica Hall. 


Nucula shumardana Hall. 

Productus cestriensis Worthen. 

Conocardium meekanum Hall. 

Myalina? sp. 

Pelecypod sp. 

Pleurotomaria? wortheni Hall. 

Pleurotomaria? subgolbosa Tall. 

Loxenema yandellana Hall. 

Straparollus similis M. & W. 

Straparollus spergensis (Tall). 

Straparollus sp. 

Stropostylus carleyana Fall. 

Cyclonema subangulata Hall. 

Cyclonema leavenworthana ITfall. 

Solenospira turritella (Tall) UI- 
rich. 

Solenospira vermicula (Hall) Ul- 
rich. 

Solenospira sp. 

Bulimorpha eaniculata Hall. 

Bulimorpha? sp. 

Holopea proutana Hall. 

Bellerophon subleevis Hall. 

Orthonychia acutrirostre (Tall) 
Keyes. 

3airdia cestriensis Ulrich. 

Cytherella ovatiformis Ulrich. 

Griffithides bufo M. & W. 

TVish 3 sp. (teeth). 


Middle limestone in section TIT. 


Fenestella serratula Ulrich. 

Fenestella ec. f. multispinosa UlI- 
rich. 

Anisatrypa solida Ulrich. 

Archimedes sp. 

Martinia contracta M. & W. 

Dielasma formosa Hall. 


Productus parvus ? M. & W. 
Productus cestriensis ? Worthen. 
Productus cora? D’Orbigny. 
Spirifer leidyi N. & P. 
Griffithides bufo M. & W. 


Middle limestone in section IV. 


EPndothyra baileyi Hall. 
Martinia contracta M. & W. 


Bellerophon sublevis Hall. 


Middle limestone in section V. 


Fenestella sp. 
Martinia contracta M. & W. 
Productus cestriensis? Worthen 


Bellerophon subleevis Hall. 


Middle limestone in section X. 


Pentremites pyrimidatus Ulrich. 
Crinoidea sp. 

Archimedes sp. 

Productus cestriensis Worthen. 
Productus sp. 

Spirifer leidyi N. & P. 

Martinia contracta M. & W. 


Upper ? limestone in section V1. 


Zaphrentis spinulosa? M-E. & H. 
Crinidea 3 sp. (segments). 
Pentremites sp. (one poral plate). 
Stenopora sp. — 

Fenestella cestriensis Ulrich. 
Fenestella 2 sp. 

Coeloconus rhombicus? Ulrich. 
Polypora spinulifera Ulrich. 
Archimedes sp. 

Spirifer leidyi N. & P. 

Derbya kaskaskiensis? Hall. 
Dielasma turgida Hall. 


Spiriferina spinosa N. & P. 
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Eumetria marceyi Shumard. 
Productus parvus? M. & W. 
Productus cestriensis? Worthen. 
Productus cora? D’Orbigny. 
Orbiculoidea sp. (cast). 
Brachiopod sp. (cast). 
Pleurotomaria sp. near tabulata 
Conrad. 
Pleurotomaria sp. (cast). 
Straparollus sp. (cast). 
Bellerophon subleevis Hall. 
Orthonychia chesterense 7 
M..& W. 
Gastropod sp. (cast). 
3ulimorpha sp. (cast). 
Pleurophorus minimus Worthen. 
Pleurophorus sp. 
Microdon sp. 
Nucula parva McChesney. 
Modiala illinoisensis Worthen. 
Schizodus ? sp. 
Aviculopecten sp. 
Pelecypoda 5 sp. (casts). 
Primitia subsequata Ulrich. 
Psammodus sp. (cast of tooth). 
Cladodus spinosus ? M. & W. 
(cast of tooth). 


Upper limestone in section VII. 
Pentremites godoni DeFrance. 
Pentremites florealis Schlotheim. 


Pentremites pyriformis Say. 


Mchinocrinus sp. 
Thamniscus furcillatus Ulrich. 
Fistulipora excelens? Ulrich. 
Stenopora tuberculata Prout. 
Stenopora rudis Ulrich. 
Lioclema araneum Ulrich. 
Coeloconus rhombicus Ulrich. 
Fenestella flexuosa Ulrich. 
Fenestella tenax Ulrich. 
Fenestella cestriensis Ulrich. 
Ienestella multispinosa? Ulrich. 
Fenestella elevatopora? Ulrich. 
Ilenestella 2 sp. 
Polypora cestriensis Ulrich. 
Septopora subquadrans Ulrich. 
Streblotrypa nickelsi Ulrich. 
Batostomella spinulosa Ulrich. 
Rhombopora minor Ulrich. 
Rhombopora tenuirama Ulrich. 
Rhombopora sp. near tabulata 
Ulrich. 
Archimedes meekanus? Hall. 
Ptilipora pauperi ? Ulrich. 
Seminula trinuclea Hall. 
Lumetria marceyi Shumard. 
Cleiothyris sublamellosa? Hall. 
Spiriferina spinosa N. & P. 
Spirifer leidyi N. & P. 
Productus parvus M. & W. 
Dielasma turgida Hall. 
Reticularia setigera Hall. 
Trilobite sp. 


Pterotocrinus depressus Lyon and 

Cassiday (wing plates). (Upper limestone in section VIII. 
Acrocrinus shumardi Yandell. Zaphrentis spinulosa M-E. & H. 
Hydreionocrinus armiger M. & W. Pterotocrinus depressus Lyon and 
Crinoidea 6 sp. (plates and seg- Casseday. 


ments). Hydreionocrinus armiger M. & W. 


Crinoidea sp. (segments). 

Pentremites sp. 

Rhombopora sp. near tabulata 
Ulrich. 

Rhombopora sp. 

Stenopora sp. 

Fenestella cestriensis? Ulrich. 

Fenestella flexuosa Ulrich. 

Fenestella sp. 

Polypora spinulifera Ulrich. 

Polypora cestriensis Ulrich. 

Lioclema araneum Ulrich. 

Streblotrypa nicklesi Ulrich. 

Fistulipora excelens? Ulrich. 

Archimedes distans Ulrich. 

Archimedes sp. 


i 
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Dielasma sp. 

Productus sp. 

Spiriferina transversa McChes- 
ney. 

Spiriferina spinosa N. & P. 

Spirifer leidyi N. & P. 

Eumetria marceyi Shumard. 

Brachiopod sp. 

Aviculopecten c. f. monroensis 
Worthen. 

Orthonychia chesterense M. & W. 

Spirorbis c. f. imbricatus Ulrich. 

Griffithides granulatus Weth- 
erby. 

Cladodus sp. (base of tooth). 


Fish sp. (spine). 


Discussion of fauna. Fron the foregoing lists, it will be seen that 


the fauna of the lower and middle limestones have many of the elements 
of the Salem fauna. This is particularly true at the eastern extensions 
of these beds where, in all probability, the shallow, lagoonal conditions 
favorable to this fauna, prevailed. 

The lower limestone in section I has only two species which do 
not occur in the Salem limestone. These are J/artinia contracta and 
Baiostomella abrupta? The latter was not found in the middle limestone. 
The western extension of the lower limestone retains a few of the Salem 
species but indicates a condition of deposition farther from the shore-line. 
To the west it also contains Batostomella abrupta. In the collections from 
the lower layer, foraminifera are very scarce. 

Collections from the middle limestone show that many Salem species 
continued to exist, but IJartinia contracta is the most noticeable species, 
and Pentremites becomes a prominent member of the fauna. Thin sections 
from this horizon show under the microscope a great number of forms of 
foraminifera, and will undoubtedly yield many species, an element which 
will distinguish this limestone wherever found. 

The faunal character of the upper limestone is entirely distinct from 
that of the two lower layers. It is of late Chester age and shows no dis- 


tinct Salem forms. 


288 


If the limestone in section VI is to be correlated with the upper lime- 
stone, it shows what is probably a littoral phase of the layer, which to the 


west shows only deep water conditions. 


CONCLUSIONS. 


To briefly summarize, the Chester or Huron formation of western Mon- 
roe and eastern Greene counties consists of three limestones with sepa- 
rating sandstone and shale. 

Dr. E. O. Ulrich, of the United States Geological Survey, has examined 
the lists of fossils given herewith and expressed the opinion that they rep- 
resented the greater part of the Chester of Kentucky and southern Illinois. 
As the stratigraphy seems to confirm this, the following correlations are 


made: 
Upper (third) limestone. Birdsville formation. 
ee Upper sandstone. 
g — 
os) Middle (second) limestone. Tribune Limestone. 
=i - 
= Middle sandstone. Cypress sandstone. 
a 
Fe 
o Lower (first) limestone. | Ohara limestone member. : 
: Ste. Genevieve 
Lower sandstone. | Rosiclare sandstone member. J 
at ; : aes BONES ye Formation. 
. @jlitic upper portion of Mitchell. Fredonia odlitie member. 
ee ae 
Remainder of Mitchell. St. Louis limestone. 


The line of division between the St. Louis and the odlitic above has not 


been located in Indiana, but the latter is probably at least 80 feet thick. 
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DETERMINATION OF THE Ratio oF SpeciFic Heats or Dry Arr. 


BK. K. CHAPMAN. 


The following method for determining the ratio of specific heats was 
suggested by some work in connection with an experiment in a fog chamber. 
It became necessary to know the temperature in a fog chamber on sudden 
expansion and consequent condensation of vapor. In order to measure this 
temperature a thermo-couple of Cu and Fe was introduced, and the deflec- 
tion of a galvanometer connected in series with the couple was noted on 
the expansion of the saturated vapor. The couple was then graduated by 
keeping one junction at a constant temperature and noting the deflection 
of the galvanometer for a given change in temperature of the other junc- 
tion. Knowing, then, the constant of the apparatus, the temperature in the 
fog chamber was easily determined. 

The attempt was then made to use this method for finding the tem- 
perature in a chamber of air on sudden expansion, and thus determine the 
ratio of the specific heats. 

To the stopper of a glass carboy was fitted a large valve that could 
readily be opened or closed by hand. One junction of the thermo-couple 
was introduced into the carboy through a rubber stopper fitted in a hole 
drilled in the side. The inner ends of the bent tube carrying the couple 
were then separated by twisting the tubes in the rubber stopper. The other 
junction was encased in a small glass bulb just outside the bottle and this 
kept at a temperature of the surrounding medium. Later in the work 
the entire apparatus, excepting the valve, was immersed in a bath which 
could be maintained at a constant temperature. Dry air was then pumped 
into the bottle and the whole was allowed to stand until it had regained 
the temperature of the surroundings. On opening the valve the temperature 
falls, due to the adiabatic expansion, and the galvanometer is deflected 
because of the difference in temperature of the two junctions of the couple. 
From this deflection it was hoped that the lowest temperature in the cham- 
ber might be calculated. A great deal of difficulty was experienced in try- 
ing to calibrate the couple, since the deflections due to a given difference 
in temperature varied considerably, and the degrees of accuracy desired 
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necessitated a more consistent calibration. After repeated efforts to obtain 
a constant deflection for a given difference in temperature the method was 
abandoned as not being sufficiently accurate. 


The following scheme was then adopted: 


A battery of known KE. M. F. was connected in series with two resist- 
ances, R., which was approximately 100,000 ohms, and in later experiments 
kept constant, and Ri was varied from one to eight ohms to suit the condi- 
tions of the particular observation. B is a carboy in the center of which 
one junction of the couple was located. A is a second junction which was 
kept at a constant temperature. G is a galvanometer in series with the 
couple and Ri. The air in B was compressed as before and allowed to cool 
to the temperature of the bath. IK, was then closed, then the valve was 
opened to the atmosphere and immediately K, was closed and the direction 
of the deflection of the galvanometer noted. ‘This process was repeated, 
varying R: until a resistance was found such that on closing IK, there was 
no deflection of the galvanometer, until the air began to warm after the 
adiabatic expansion. This balanced condition meant that the P. D. across 
It; just balanced that due to the difference in temperature of the two junc- 
tions of the thermo-couple. 

In practice it was found better to set Ri at a given place, e. g., 5 ohms, 
and then vary the original pressure until a balance was obtained. In some 
of the earlier observations R. was varied to secure a balance, but since it 
was not known to a sufficient degree of accuracy, the other method was 
used. It then remained to calibrate the thermo-couple. This was done by 
placing one junction, encased in a jacket, in a constant temperature bath, 
and the other, similarly encased, in a bath whose temperature was varied 
till a balance against a given resistance, Ri, was obtained. The difference 


in temperature of the two junctions was then noted. Ri was again varied 
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and the temperature of the bath changed until another balance was found. 
In this way a number of balances were obtained for different values of Ri. 
By plotting Ri: against the difference in temperature of the two junctions a 
curve was obtained which gave the temperature for any resistance. The 
calibration was made with a number of different couples and the results 
were entirely consistent, no point being off the straight line thus found 
more than 1-20 of a degree centigrade. 

The pressure in the bottle was measured by means of an oil manom- 
eter; as considerable time was consumed by the oil coming to a steady 
state, it was deemed desirable to place a stopcock between the manometer 
and the bottle, and after the pressure was determined cut off the mano- 
meter before expansion. The pressure for the following trial was ad- 
justed approximately by an auxiliary mercurial manometer and the final 
adjustment was made with oil. The use of the oil manometer was neces- 
sary, as the errors introduced in the reading of the mercurial manometer 
were of a higher degree of magnitude than was permissible. 

The delicacy of the apparatus was indicated by the fact that the 
observer could readily detect a difference in pressure of 2 mm. of oil, 
density .84. 

The value of y was determined as follows:— 

From the adiabatic law, P Vy = a constant 
From the law of Charles, PV = RT 
Ore iV 176—=)PeVa} 
Wioi\oy 1B 
then { — } =— 
Vi Pe 
bute. 2nVin— Ray 
and PeVe= RT2 


Ve Biase 
Vi ile Jegy 0'n 
Ve\}y (— SIUING Vee ext 
Vi * 124) Abi flaps 
Pi 
log — 
2 
therefore y = 
12 Ti 
log — — log — 


Pe Te 
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The following table gives the results of the experiment : 


P2 8, Ry Rg A | B A—B P, 0, y 
74.14 294.— 2 100100 94.6 = 69.6 78.44 289.4 1.3888 
75.26 294.05 yee 100100 95.9 24. 71.9 79.70 289.35 1.3910 
74.72 294.2 ail 109500 89.5 30.- 59.5 78.39 290.34 1.3803 
74.5 293.9 Pit 103800 89.7 30.- 59.7 78.19 289.81 1.4802 
75.19 293.95 Pia 103800 90.9 29.2 61.7 79.— 289.71 1.4160 
75.49 293.1 3.2 100300 145.- 46.4 98.6 81.58 286.6 1.4042 
74.99 293.7 Bag 100500 145.- 47.- 98.- 81.04 287.47 1.3872 
74.99 293.5 AD. 100500 144.7 46.3 98.4 81.07 28701 1.3945 
75.06 293.6 4.7 101200 169.- Dat 146.9 84.14 284.3 1.3927 
74.84 294.1 4.7 100700 170.- Des 148.2 84.00 284.51 1.4027 
75.52 293.8 4.- 190000 158.1 33.6 124.5 83.21 286.2 1.3704 
74.76 ag 5. i 174.2 18.2 156.2 84.41 283.89 | 1.3938 
74.76 4.- te 159.0 33.5 124.5 82.45 285.81 1.3921 
74.76 “(* 3.- 4 142.0 50.- 92.- 80.44 287.81 1.3911 
74.71 ss 6.- 195.- pe 188.- 86.33 281.96 1.3974 
74.71 ay 6.- a 195.- 7.- 188.- 86.33 281.88 1.4013 
74.57 “9 5.- sf 178.5 29.3 154.6 84.12 283.86 1.4001 
74.57 i 4.- : 162.1 40.3 121.8 82.09 285.84 1.3997 
74.57 oe 3.- a 146.5 57.3 89.2 80.08 | 287.84 1.4040 
74.57 a 2.- We 132.5 one 58.8 78.20 289.83 1.4005 
74.44 293.82 i= 118.2 88.8 29.8 76.25 | 291.83 1.3925 

AVGCIrage@)s....0%.0a08 «23. cae 1.3957 
Av. for last 10)... 7.5 tesa eee 1.3973 


P, is the reading of the barometer. 0, is the original temperature 
of the bath. A and B readings of the oil manometer. P, =P. (A—B) d,/d, 
where di = density of oil and d, = density of mercury. 0, is the tempera- 
ture as given by the thermo-couple required to secure a balance. 


y = ratio of specific heats. 


DISCUSSION OF RESULTS. 

The limits of precision seem to be the precision of the resistance, the 
precision of the temperature reading as read by a thermometer, the pre- 
cision of the temperature readings used to calibrate the couple, the con- 
sistency of the I. M. F. of the battery and the density of oil. 

The precision of the resistance was none too good. ‘The last ten ob- 
servations were made with the best box available and R, kept constant so 
that errors due to R. were obviated. The maximum variation of the mean 
of these observations is less than 4 per cent.. and shows remarkable con- 


stancy. 


A new storage battery “duro,” made by the Chicago Battery Co., was 
used and showed no variations in EK. M. I. during the entire time. 

The density of the oil was determined by a specific gravity bottle and 
found to be .8370. 

The temperatures were read on a standard thermometer graduated to 
1-10 degree. 

As to the question of the accuracy of the thermo-couple in registering 
the instantaneous temperature we have to consider the couple itself, its 
behavior under known conditions, and the results obtained. 

The couple was of Fe-Cu, one millimeter in diameter, so its heat ca- 
pacity was very small. In calibrating it a defiection was regularly noted 
when the change of temperature of the bath was less than 1-100 of a 
degree. It was found that for small changes in temperature considerable 
time, several seconds, elapsed before there was any heating due to radiation, 
ete. This was due largely to the size of the vessel. Using a smaller one 
the time required to warm up was small. 

The exneriment is now being repeated under yastly better conditions. 
The temperature of the bath is regulated by an electric thermostat, the 
resistances, barometer and thermometer, have been checked up by the 
Bureau of Standards at Washington and the voltage of the “duro” cell tested 
immediately before and after cach observation, by means of a potentiome- 
ter of the Leeds Northrup type and a standard Weston cell. The results 
from the new determination will be published later. 

Wabash College, 


Crawfordsville, Tid. 


OSE Bi) 
Ay ane 


eye 

it Whe She Pony, 

_ ab a al 
4, ), 


A ConveNtIent High PorentiaL Battery. 


By R. R. RAMSEY. 


In work on radioactivity it is necessary to have a battery whose poten- 
tial is 100 volts or more. If one has access to a direct current lighting 
circuit a storage battery made of test tubes with sheet lead strips for 
electrodes can be used. Fifty such cells arranged in a rack make a con- 
venient battery when the lighting circuit is 110 volts. Such a battery re- 
quires a week or more for forming, and due to the small capacity of the 
cells they should be connected to the charging circuit all the time except 
when in actual use. When it is not convenient to make such a battery, or 
when the facilities for keeping it charged are not at hand, I have found 
that a battery can be made with little trouble and expense of tubular flash 
lamp batteries. The so-called 33 volt flash lamp batteries consist of three 
small dry cells slipped into a pasteboard tube. The bottom of the cell is 
the negative terminal, while the central carbon has a projection extending 
through the top, which serves as the pesitive terminal of the cell. Thus 
the three cells when placed in the tube are in series. If the cells are 
slipped down through the tubes until the bottom ones project one-half their 
length the batteries can be placed one on top of another and form a long 
battery connected in series, the potential of which depends upon the length. 
The so-called 34 volt battery when new has an E. M. F. of about 4.4 volts. 
Or twenty-five such batteries in series give 110 volts. Of course it is not 
necessary to connect all in one “stick.” They can be placed in “sticks” o» 
convenient length and placed upright in a box and connected in series by 
soldering wires to the ends, thus making connections which will give in- 
termediate potentials. When new these batteries have very low resistance, 
and great care should be exercised to prevent short circuiting the cell. Like 
all dry cells the resistance increases with age and the potential at the ter- 
minals as shown by a voltmeter will decrease. But the I. M. F. of the 
cells as shown by potentiometer measurements remains constant until the 


cells are completely dried out. Since the battery in radioactivity work is 
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used for static potentials the high internal resistance ef the cells will not 
eut any figure. 

These batteries can be obtained from the electrical supply houses at 
20 cents apiece. Thus a 110 volt battery will cost $5.00. 

Physical Laboratory, 


Indiana University, April Vek IE 
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Tre EqurieMENT oF A High TEMPERATURE MEASUREMENT 


LABORATORY. 
By G. A. SHOOK. 


M®#ASUREMENT OF HIGH TEMPERATURES. 


| The first attempt to measure temperatures with any accuracy seems to 
be due to the celebrated potter, Wedgewood, although he was not the first 
by any means to recognize the importance of temperature estimation and 
temperature control in kilns in order to reproduce a given effect. In the 
time of the Romans the working of iron had undoubtedly reached an ad- 
vanced stage, but their methods and knowledge of the metallurgy of iron 
were entirely empirical. In the eighth century a writer, in outlining a 
method for obtaining high temperatures, called attention to the most diffi- 
cult part of the problem, namely, that “fire is not a thing which can be 
measured.” Even within recent years the temperature of a steel kiln was 
not known within 500 degrees C. and the values given for the temperature 
of the sun ranged from 1,500 to 1,000,000 degrees C. Today, however, with 
our advanced methods of radiation pyrometry, the student of physics can 
measure the temperature of the sun, the highest known temperature, with 
as much ease and accuracy as he can determine the specific heat of a piece 
of lead. 

It has been known for several years that numerous industrial processes, 
carried out at high temperatures, require a temperature control of 20 de- 
grees C. Mr. C. E. Foster’, in speaking of the successful production of fin- 
ished castings, remarked that there are four main factors to be considered : 

1—Composition of the material melted. 
2—Atmosphere and surroundings. 
3—Temperature. 

4—Time. 

The first two of these are taken care of by the chemist, but the third 
and fourth must be controlled by the man trained in pyrometry. It requires 
but a casual glance through the trade journals to convince one that the 


1The Foundry, May, 1909. 
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men who are handling this problem in the industries are not sufficiently 
trained to appreciate the limitations of its practical application. There- 
fore the engineer or chemist must be trained along this line if he expects 
to do the most efficient work. High temperatures were, until quite re- 
cently, estimated by the trained eye of a workman, and while they acquired 
with practice a surprising accuracy, such a procedure is entirely inadequate 
for present day requirements. Moreover, the observer’s estimate is influ- 
enced manifestly by a number of circumstances, such as the amount of 
light in the room, fatigue of the eye, physical condition of the observer, ete. 
The greatest disadvantage is that a skilled workman in Pittsburg can not 
gain anything from the experience of a workman in Birmingham. In times 
past numerous methods have been devised and used for temperature estima- 
tion and temperature control, but the temperature scales used were so dis- 
cordant that about six years ago the Bureau of Standards* made a thorough 
investigation of the most available methods. 

There are today four precise laboratory methods for measuring high 
temperatures, each of which is the basis of an industrial pyrometer : 

Electric-resistance Pyrometer.—In this pyrometer use is made of the 
variation of the electric resistance of metals with change of temperature. 
Since resistance can be measured with extreme precision this method per- 
mits of very precise measurements of temperature up to 1000° C. 

Thermoelectric Pyrometer.—Yhis instrument utilizes the variation of 
the electromotive force with temperature, developed at the junction of two 
dissimilar metals. This pyrometer may be used for temperatures up tw 
1600° C. when the thermo-couple consists of wires of platinum and platinun- 
rhodium or iridium. 

Radiation Pyrometer.—In this type of pyrometer the total radiation 
from hot bodies is taken as a measure of their temperature. This instru- 
ment requires a device for determining very small changes in temperature, 
and does not admit of very great accuracy, but is very convenient for very 
high temperatures. 

Optical Pyrometer.—In the case of pyrometers of this class tempera- 
ture estimation is made by means of a photometric comparison, for a par- 
ticular wave length, between the radiation from some standard lamp and 
the radiation emitted from the body under observation. This is a very 


precise method and is available for the highest known temperature. 


? Bulletin Bureau of Standards, Vol. 1, p. 189. 


TEMPERATURE SCALE. 

The usual method of measuring temperature is by the expansion of 
some substance, such as mercury in the ordinary glass thermometer, or gas 
in the more refined work. With such a method, however, the magnitude 
of a degree will depend upon the nature of the substance employed, which 
is undesirable in scientific work. A theoretical thermometric scale, inde- 
pendent of any substance used, has been worked out by Lord Kelvin and 
is known as the “Thermodynamic Seale.” Temperatures on this scale are 
measured by the work done in carrying a substance around a Carnot’s 
cycle working between two sources at constant temperature. 

Without attempting any proof here, the theory gives the following re- 
lation, 
dtr (an 

T2 Qe 
where T is the absolute temperature and Q is the quantity of heat, which 


can be measured in terms of energy since by the first law of thermody- 
namics heat is proportional to work. Hence the ratio of any two tempera- 
tures may be determined from purely mechanical considerations and will 
furthermore be independent of the substance used in the conversion of work 
into heat. Experiment has shown, however, that no known gas is perfect, 
and that, furthermore, no gas is satisfactory throughout the entire range 
of temperatures which are used in gas thermometry.’ The practical stand- 
ard is the international Normal Scale of the constant volume hydrogen 
thermometer. Hydrogen can be used for very low temperatures, but above 
300° C. it is unreliable. Nitrogen, on the other hand, can not be used for 
low temperatures, but is suitable for high temperatures. In the absence 
of a perfect gas we have practical standard gas thermometers, such as hy- 
drogen and nitrogen, for which thermodynamic corrections have been de- 
termined. In practice, however, the gas thermometer is never employed by 
reason of the difficulties inherent in its use and, furthermore, because there 
are numerous other thermometers more convenient which can be compared 
with the gas thermometer. 

In exact work, it is necessary, therefore, to define temperature in the 
terms of the thermodynamic scale rather than the “Normal” or “Gas 
Seale.’ Especially is this true in the case of radiation pyrometry, where 


the laws uad formulas developed have their foundation in the second law 
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of thermodynamics. Consequently the “temperature” which occurs in the 
equations is the absolute thermodynamic temperature. 

The standardization of pyrometers is generally made by means of cer- 
tain fixed points, such as the fusion of platinum, palladium, gold, ete, and 
the ebullition of water, aniline, naphthaline, sulphur, etc., which have been 
carefully determined by means of the gas thermometer. The platinum 
thermoelectric pyrometer, on account of its ease of manipulation, conveni- 
ence, and accuracy, has come into general use for temperature measure- 
ments between 1200° C., the upper limit of the gas thermometer, and 1600° 
C. The thermo-couple may be directly compared with the gas thermometer 
up to 1200° C., but beyond this we must rely on extrapolation up to 1600° C., 
which is the limit of the thermo-couple. Beyond this range, the scale must 
depend upon radiation laws which have some theoretical support and can 
be tested within the range of the gas seale. 

It is seen from the above that high temperature measurements may 
be made in terms of the thermodynamic scale, but that the actual precision 
1s entirely subordinate to that of the various intermediate steps, which 
lead from the perfect gas thermometer to the radiation pyrometer. 


APPARATUS. 

Blectric-resistance Pyrometer.—Pyrometers of this type are more or 
less familiar to persons who have had any experience whatever in Heat 
or Electrical Measurements’ laboratories. To illustrate the application of 
resistance thermometry, in the laboratory, a number of pure metals such as 
nickel, iron, silver, and copper may be used for temperatures up to 300° C., 
and there are several types of cheap, compact, serviceable instruments now 
on the market. For practical use and calibration the coil of wire used 
should be inclosed in a tube or stem of some suitable material, such as 
glass, iron, or porcelain, depending upon the temperature to which it is 
subjected. This stem should terminate in a head provided with binding 
post for making connections to lead wires. As the resistance of the lead 
wires will vary with the depth of immersion it is necessary to provide com- 
pensating leads which are put in the adjacent arm of a Wheatstone bridge. 
For all temperatures, from the lowest obtainable up to 1000° C., and espe- 
cially for the higher temperatures, platinum‘ is the most satisfactory. When 
used for high temperatures (up to 1000° C.) the platinum coil is generally 


wound over a mica frame and jnclosed in an infusible porcelain stem. 
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Thermoelectric Pyrometer—Numerous materials have been used 
around the laboratory for thermo-couples, but the cheapest and at the same 
time the most reliable is the copper-constantan. The latter metal is known 
in this country as Advance, or Ia In. This couple can be used up to 
about 900° C. Av extended investigation of this thermoelement has been 
carried out by White,’ who recommends it as a precision thermometer. For 
temperatures between 300° C. and 1600° C. platinum and some alloy of 
platinums must be used. 

The choice of a couple depends entirely upon the conditions under 
which it is to be used. For high temperatures the platinum couple 
(Pt——Pt+10%Rh) is perhaps the only one that is used with success, but 
for low temperatures, say up to 1000° C., a number of alloys are used in in- 
dustrial processes with good success. For low temperatures it is necessary 
to choose metals that will produce a higher P.D. than that used at high 
temperatures. For temperatures below 100° C., the couple may be cali- 
brated by direct comparison with mercury thermometer, but for high tem- 
peratures fixed points are necessary. 

The method of measuring the P.D. depends upon the accuracy required. 
For precise work the cold junction should always be kept at constant tem- 
perature (generally melting ice) and the P.D. should be measured on a 
potentiometer, using a standard cell. For work when great precision is not 
necessary, a d’Arsonval galvanometer or even a sensitive millivoltmeter is 
sufficiently accurate. In industrial practice the outfit must be as portable 
and compact as possible so that a direct reading instrument is generally 
used, which is substantially a millivoltmeter calibrated to read direct in 
temperature °C. or °F. The cold junction in such cases is generally main- 
tained at 25° C. or 75° F., and the instrument is calibrated to be correct at 
that temperature. .Any slight variation will not cause.a great error, but 
all approximate correction can always be made by adding to the indicated 
temperature the difference between the temperature of the cold junction 
and 25°, when the former exceeds 25°, and subtracting the difference when 


it is less than 25°. Correction can also be made by means of an automatic 


4 Bulletin Bureau of Standards, Vol. 6, p. 149. 
5 Phys. Rev., Aug., 1910, p- 135s 
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compensator as shown in Fig I. It consists of a fine 
platinum wire A, which is partially immersed in mer- 
cury B. When the bulb is heated the mercury in the 
capillary tube expands and short circuits the platinum 
loop, thus diminishing the resistance of the circuit. 
This balances a change in e.m.f., due to a rise of 


temperature of the cold junction. 
All the contacts of the different parts of the cir- 
Fig. 1. cuit should be carefully made, and wherever possible 
this should be done by soldering. The hot junction of 
the wires used in the couple should be fused together. For easily fusible 
metals, such as copper, this can be done in the Bunsen flame, but for 
platinum oxygen is required. Platinum may also be fused in the electric 
are. At the cold junction the lead wires should be soldered to the thermo- 
element wires. The wires composing the couple, which are subjected to 
high temperatures, should be insulated throughout their entire length by 
glass tubes or pipe stems. Asbestos thread may also be used for tempera- 
tures below 1300° C. Small fire clay tubes pierced by two holes may also 
be procured and are very convenient. For industrial work the couple 
should be inclosed by an iron or porcelain tube. The former should not 

be used for temperatures over 800° C. 

Radiation Pyrometry.—F rom the fact that the intensity of light emit- 
ted from a body increases very rapidly with rise of temperature the op- 
tical method is well adapted to the measurement of high temperatures. 
lor example, the luminous intensity of the red part of the light emitted 
by a body of 1500° C. is 130 times the intensity of 1000° C., and at 2000° C. 
it is more than 2100 times as great as at 1000° C. It thus appears that a 
comparatively rough measurement of the luminous intensity of an incan- 
descent body would give a pretty accurate measurement of its temperature. 
This conclusion, however, is modified by the fact that different bodies at 
the same temperature emit very different amounts of radiant energy. The 
radiating power of a body depends not only upon the temperature but also 
the composition and nature of the surface. In order that the radiation and 
optical methods can be used for comparison of temperatures it is necessary 
that the effect of differences of surfaces be eliminated. This can be done 
by reducing the radiation from all surfaces to the radiation that would 
occur from some ideal surface arbitrarily taken as a standard of com- 


parison. 


303 


A body that would absorb all the radiant energy incident upon it is 
called a perfectly black body. From a consideration ot Prevost’s theory 
of exchange it can be shown that a body inside an inclosure all parts of 
which are at the same temperature is a perfectly black body. Wirchoff has 
shown that the radiation from a perfectly black body depends only upon 
its temperature. For this reason the radiant energy emitted by a perfectly 
black body is taken as the basis for the comparison of high temperature. 
Radiation and optical pyrometers are calibrated by comparing a series of 
actnal temperatures of a perfectly black body with the amounts of energy 
radiated at the respective temperatures. Two bodies are at the same black 
body temperature when they emit equal amounts of radiant energy. Two 
bodies at the same actual temperature, determined by means of a gas ther- 
mometer, will not be at the same black body temperature unless their sur- 
faces have the same radiating power. For example, a piece of iron and a 
piece of porcelain each at an actual temperature of 1200° C., if examined by 
means of an optical pyrometer calibrated in terms of the red rays emitted by 
a perfectly black body, would indicate 1140° C. and 1100° C. respectively. 
If, however, two bodies be placed inside a uniformly heated inclosure they 
will not only attain the same femperature, but they will also emit radiant 
energy equally. That is, they will have the same black body temperature. 
Tn other words, the actual temperature of a body inside a uniformly heated 
inclosure equals the black body temperature. 

A pyrometer then, which has been calibrated by comparison with a 
black body, when sighted upon an incandescent body, reads not its true 
temperature (thermodynamic temperature), but its black body, which will 
be somewhat lower than its true temperature. The difference will depend 
upon the emission power of the body. If, however, the body sighted upon is 
a black body, for example a heated inclosure, then the pyrometer indicates 
its true or thermodynamic temperature. A few substances such as platinum 
black, carbon and iron oxide radiate approximately as black bodies, but 
as yet there is no known substance which is absolutely black. In using the 
term in this sense we must remember that the temperature must be involved 
as well as the emission and absorption powers. Thus, any body whose 
radiation is proportional to that of a black body, for all wave lengths, is 
considered black if its temperature is the same as a black body. If its true 
temperature is higher (it could never be lower) it is considered gray. A 


carbon lamp filament is gray because its spectral distribution is the same as 
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a black body, but not black because its true temperature is slightly highet 
than a black body. 

A uniformly heated inclosure is the nearest approximation to our ideal 
black body. 


B 


Kies 2. 


Consider a body A within a heated inclosure B, Fig. 2, both at the 
same temperature throughout. A receives a certain amount of thermal 
radiation from the wall of the envelope © and radiates to C an equal 
amount if they are in temperature equilibrium. Also A radiates a certain 
amount to D and receives the same amount, if D is at the same tempera- 
ture. Since A, on the whole, neither gains nor loses it radiates to D the 
same amount it receives from C, consequently the radiation from A towards 
D is the same as that from C towards D. Not only is the quantity the 
same but also the quality, for the coefficient of absorption depends upon 
the quality (i. e., it is different for different parts of the spectrum), so 
that if GC and A radiate the same amount they must radiate the same qual- 
ity. If the spectral distribution of A were different from C its coeffi- 
cient of absorption would be different and therefore it would not radiate 
the same quantity. Hence any other body within B and at same tem- 
perature would radiate the same as A so that no detail could be detected, 
i. e., the objects could not be distinguished from one another or the walls 
of the inclosure. 

Moreover any body outside of B at the same true temperature could 
not radiate more energy than A, consequently, A is a complete radiator 
or a perfectly black body when within B, and it also follows that the 


interior of B radiates as a perfectly black body. A piece of polished 
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platinum ‘and a piece of carbon would appear equally bright within B, if 
viewed through a small hole, but if quickly removed the platinum would 
appear less bright than the carbon, for it gives out less light that is proper 
to itself since it is a good reflector but a poor absorbent and consequently 
a poor radiator, while C gives out more light that is proper to itself since 
it is a poor reflector but a good absorbent and a good radiator. 

Now if the wall D were partly removed or were cooler than the rest 
‘of the walls it could hot radiate to A as much as © does because it receives 
less from D. In this case we would have a slight departure from black 
‘body conditions. Hence the general statement : 

The true temperature as indicated by a thermo-couple, of all substances 
heated in an inclosure, is the same as the black body temperature, as indi- 
cated by a pyrometer, which has been calibrated against a black body. If, 
however, the walls of the inclosure, wholly or in part, are cooler than the 
radiating object, its true temperature will in general be higher than the 
black body temperature. However, if the walls are reflecting, but at the 
same time cold, the difference in the two temperatures is less. This dif- 
ference will be still less if the objects considered are of carbon or platinum 
black, ete. 


a. Be 


An experimental black body should therefore be as uniformly heated 
as possible and the aperture should be small, or if one end is entirely re- 
moved, as in Fig. 3, the length should be large compared with its cross- 
section. 

It thus appears that in order to attain actual temperature by radiation 
methods the body whose temperature is desired must be made as nearly ¢ 
black body as possible. In many cases this can be done with little diffi- 
culty. For example, if the temperature of an annealing oven is required, 
one could insert into the oven the closed end of a long metal or porcelain 
tube. The radiant energy coming from the bottom of this tube will be a 
close approximation to that of a perfectly black body. If black body 


conditions are not realized as an incandescent sheet of metal the tempera- 
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ture may be expressed merely as black body temperature, Kirchoff’s abso- 
lute seale. 

Laws of Black Body Radiation.—Stefan deduced from experiment, and 
3oltzmann deduced from thermodynamic considerations, the law that the 
total radiant energy emitted from a black body is proportional to the fourth 
power of the absolute temperature, or, 

4) = IND 
where K is a constant. 

The radiant energy emitted by a heated body is in the form of waves 
of diverse wave length. Most of the radiant energy is due to waves that 
are too long to affect the eye. As the temperature of the body is increased, 
the energy of all the emitted waves is increased, but the energy of the 
shorter waves increases more than that of the longer waves. That is, the 
Gistribution of energy among the waves of different lengths depends upon 
the temperature of the body. 

Wien has also shown that the product of the absolute temperature T 
of some source and the wave length having maximum energy, 7m in 
spectrum is a constant. , ‘ess 

AmT = constant <A 

This is generally known as the displacement law or Wien’s First Law. 
Wien also combines his first law with the Stefan-Boltzmann Law giving 
his second law. 

JmaxI~> = constant B 
Llis most important investigation, however, was the investigation of spec- 
tral distribution of energy in the radiation of a black body in which he 
shows that for any particular wave length the relation between the energy 
emitted and the absolute temperature is as follows: 
—C2 
74 


where J is the energy corresponding to wave length “ and T is the 


i (Oise 


(1) 


absolute temperature. Ci and C, are constants and e is the base of the 
natural system of logarithms. 

The working principles of the following experiments are based upon 
these two laws, i. e., the total radiation and spectral radiation laws. In 
the first case black body temperature is determined by measuring the total 
energy, as in a Féry pyrometer which allows radiations of all wave lengths 
to fall upon a sensitive thermo-couple connected to a direct reading gal- 


vyanometer. In the second case some particular wave length is used and 


the measurement of temperature is Innde photometrically by adjusting to 
equality two photometric fields produced by a standard source and the 
body to be measured. The intensity of radiation is varied by cutting down 
the objective aperture, as in Le Chatelier, or by a polarizing device, 
as in the Wanner, or by varying the intensity of the standard itself, as in 
the Holborn. 

Since we are using mono-chromatic light a measure of the luminous 
intensity may be taken as a measure of the radiant energy. ‘The intensity 
of radiation of a source may be defined as the ratio of the total energy 
emitted (including all wave lengths) to the energy falling upon unit sur- 
face. A part of the energy emitted by a heated body, however, may be 
luminous and both the luminous and total energy emitted by a body in- 
creases with temperature, but the total luminous energy is not proportional 
to the total energy emitted. The luminous energy of any particular wave 
length, however, is directly proportional to the total radiant energy 
emitted. Hence in any optical pyrometer when photometric comparison 
is made if mono-chromatic light is used the above radiation laws will 
hold. 

Wanner Pyrometer—tlt has been shown that the luminous intensities 
of two bodies may be taken as a measure of their temperatures, if mono- 
chromatic light is used, and since luminous intensities may be compared 
by the rotation of a Nicol prism we have a convenient means of measuring 
high temperatures. 

In this method comparison is made between a standard lamp and the 
body whose temperature is sought. The standard used is a 6-volt incan- 
descent lamp which is in turn compared with some primary standard as 
an amyl acetate lamp. For this work the primary standard is used merely 
as a check for the more convenient electric lamp and so long as it is re- 
producible so that the comparison lamp can always be brought to the same 
condition, we are not concerned with its intrinsic intensity or temperature. 
Photometric comparison is made of the comparison lamp and the unknown 
source by adjusting to equal brightness two halves of a photometric field 
by means of a polarizing arrangement, monochromatic red light being pro- 
duced by a direct vision prism. 

The intensity of the unknown source in terms of the comparison lamp, 
taken as unity, is 

J = tan 
where @ is the rotation of the Nicol prism. 
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Le Chatelier Pyrometer.—bLe Chatelier’s optical pyrometer compares 
the luminous intensity of the red radiation from the body whose tempera- 
ture is derived with the red radiation from a standard light source. The 
radiation from the body whose temperature is to be measured, traverses 
the diaphragm §S, Fig. 4, and the objective O. A part of the radiation 
grazes the right edge of the mirror M and is brought to a focus at the 
focal plane of the eye-piece A. Light from the central portion of the flame 
of the comparison flame L traverses the objective O’, is reflected from the 
inclined mirror M and is also brought to a focus in the focal plane of the 
eye-piece. Thus two images, one of the source whose temperature is 
sought, and one of the comparison flame, are found side by side, in the focal 
plane of the eye-piece. These two images are simultaneously observed by 
means of the eye-piece A provided with a piece of red glass for rendering 


Via. 4. 


the radiations that enter the eye of the same wave lengths. By adjust- 
ing the size of the aperture in the diaphragm S, these two images can be 
brought to the same luminous intensity. The distance from the objective 
O to the focal plane of the eye-piece can be varied in order to focalize the 
radiation from the luminous source, and the distance can be read directly 
from a scale engraved on the draw tube. The aperture in the diaphragm 
S is square and the length of one side can be read directly from the 
screw head which operates it, 
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The intensity of the unknown source in terms of the intensity of the 
comparison lamp taken as unity, becomes 


1 
J = (—)? 
d 


where d denotes the length of one side of the square aperture 8S. Due to 
the lack of monochromatism of the red glass this instrument is not so 
accurate as the Wanner. 

Holborn-Kurlbaum Pyrometer.—In this method the luminous intensity 
of the comparison source is varied until a photometric balance is obtained 
between its image and the image of the incandescent object in question. 
In the H.-K. (Holborn-Kurlbauin) pyrometer shown in Fig. 5 a small elec- 


tric lamp L is placed in the focal plane of the objective O and the same 


is viewed by means of an eye-lens E. In making an observation the pyrom- 
eter is focused upon the object whose temperature is sought, thus bring- 
ing the image of the object in the plane of L. The current through the 
lamp is adjusted by means of a rheostat until the lamp filament disappears 
against the bright background. The value of the current strength can be 
read direct from a milli-ammeter. 

In order to measure temperature with this instrument it must be 
empirically calibrated by means of a black body. A curve may then be 
plotted with current in milli-amperes, I, and temperature, t, in degrees C. 
To determine an unknown temperature, it is only necessary to focus the 
instrument upon the object in question and adjust the current through the 
lamp until the filament disappears against the bright object. The pyro- 
neter then indicates the black body temperature unless black body condi- 
tions are realized, in which case it indicates true temperature, i. e., thermo- 
dynamic temperature. 

The reading of the «mmeter will be independent of the distance of 
pyrometer from cbject so long as the solid angle w, Fig. 5, is constant 


This is accomplished by means of the diaphragm D. When the instrument 
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is focused for distant objects, i. e., when O is drawn near L, the solid angle 
w would be increased if it were not for the diaphragm D. 

The light which reaches the eye is rendered approximately mono- 
chromatic by a red glass R placed before the eye-piece but for temperatures 
below SO00° C. this is not necessary and above 1,200° C. two glasses are 
generally used. For the extrapolation of the experimentally determined 
curve for high temperatures Wien’s third law may be used. For these high 
temperatures beyond the safe limit of the lamp three different methods 
ure used for cutting down the incident radiation a determinate amount; 
absorbing glasses, mirrors, and sector discs. 

Since the absorbing power of the absorption glasses is different for 
different wave lengths, if there is any lack of monochromatism in the red 
transmission glasses, which is generally the case, Wien’s law will not hold 
for high temperatures. 

To overcome this difficulty Henning® has combined an H.-K. pyrometer 
with a Hilger constant deviation spectrometer so that homogeneous light 
may be used. This instrument has the further advantage that any part 
of the spectrum may also be employed. Dr. Mendenhall has recently de- 
vised a spectroscopic eye piece to accomplish the same purpose. — 

The H.-K. pyrometer is probably the most sensitive pyrometer now 
in use. 

Féry Total Radiation Pyrometer.—From a consideration of the Stefan- 
Boltzmann radiation law we have seen that the energy radiated by a black 
body is proportional to the fourth power of the absolute temperature, or, 

ie (2) 

From this relation it is evident that a comparatively rough method 
of determining the energy radiated would yield fairly accurate results of 
temperature measurements. 

The Féry radiation pyrometer is shown in detail in Fig. 6. Radiation 
from an incandescent body is focused upon a minute and sensitive thermo- 
couple C, by means of a lens A’. In order to calibrate the pyrometer 
directly in terms of the Stenfan-Boltzman law the lens should be trans- 
parent for all radiations and this is best effected by using a fluorite lens 
which for temperatures above 900° C. does not absorb an appreciable portion 
of the incident radiation. F is a rack and pinion for focusing the radiation 
upon the thermo-junction. The screens C and D protect the junction from 
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extraneous rays. The diaphragm I) provides a constant angle aperture, 
which is a necessary condition for the instrument to be independent of 
focusing. The thermo-junction leads are connected to the posts b and hh, 
which are in turn connected to a galvanometer. In making a temperature 


measurement the image of the incandescent object is focused upon the 


thermo-couple by means of the eye piece E, and care must be taken that 
the image is larger than the thermo-couple. It is evident from Equa. 2 
that if the galvanometer has a uniform scale and the temperature T: is 
known corresponding to a scale readiug R,, the temperature T, for any other 
reading R, may be found from the relation, 

P,=T. VR, 

When the limit of the scale is reached the calibration may be extended 
by means of a diaphragm placed before the objective er by shunting the 
galvanometer. In technical practice, however, a glass lens is used and 
the instrument is calibrated empirically against a black body whose tem- 
perature can be determined. This instrument is also made with a gold 
reflector instead of a lens. Féry’ has recently brought out a new pyrome- 
ter which is similar to the above with the exception that the tempera- 
ture of the incident radiation is measured by means of a minute expansion 
spiral consisting of two metals with dissimilar expansion coefficients. 
This mechanical device renders the instrument more robust but does not 
admit of so great accuracy as the thermoelement. 

Morse Thermo-Gage. This is somewhat similar to the Holborn- 
Kurlbaum pyrometer in that it utilizes the disappearing filament principle 


but it is not nearly so precise since it is not provided with any lens system 


7 Engineering, May 14, 1909. 


or monochromatic glasses. It is simply an incandescent electric lamp in a 
black tube and it is operated and calibrated in a similar manner to the 
Holborn instrument. 

While there are a number of instruments, more or less reliable, which 
may be bought from scientific shops, the above list represents the ones in 
most common use. In the opinion of the author it is neither necessary nor 
advisable to equip a high temperature laboratory with an elaborate outlay 
‘of expensive commercial apparatus. The object of such a laboratory should 
be to teach the student the fundamental principles of the subject, the appli- 
cation and limitations of these principles to commercial instruments and to 
train the student in the use of a few types of instruments. After having 
mastered the principles of radiation pyrometry the student will have 
no difficulty in making a temperature observation by means of a direct 


reading Féry spiral pyrometer or any other similar instrument. 


Wray “1. 


For the purposes of calibration or standardization of instruments the 
laborator should also include a boiling point apparatus for each of the 
fixed points, or if the fusion temperatures of the metals are used, a melting 
furnace. 
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To calibrate a platinum couple, the most convenient fixed points are 
the fusion temperature of copper, antimony and zine. These metals may 
be melted in small graphite crucibles. The size of crucible chosen and the 
quantity of metal used should be such that at least 5 cm. of the couple may 
be immersed in the metal. The crucible may be heated in any suitable 
manner, but an electric resistance furnace is perhaps the most convenient. 
Fig. 7. 

One form of furnace consists of two concentric cylinders of fire clay, 
or porcelain, placed upon a base of the same material. A suitable cover 
also is provided with a hole for admitting the couple. The inner cylinder 
is overwound with fine nickel wire or ribbon and the crucible, to be heated, 
is placed within this cylinder. It should be placed at about the center 
so as to be uniformly heated. 

Another form of furnace which is less likely to get out of order, but 
which on the other hand is not so satisfactory for precise work, is shown 


in Fig. 8. This consists of a rectangular trough of brick work (a, Fig. 8). 


Cc Cc 


The inside width should be somewhat greater than the diameter of the 
crucible to be used and the depth slightly greater than the height of the 
crucible. The ends of the trough are closed with carbon plates ce, which 
carry binding posts bb, for the connecting wires. ‘The intervening space 
K is filled with a granular resisting material, commercially known as 
‘Kryptal.” The connectors at bb are connected to some source of e.m.f. 
either DC or AC. The amount of current may be regulated by varying the 
density of the mass of kryptal used. Thus, when a large amount is used 
and when it is packed down well a large current will pass through the 
furnace. The top of the entire furnace should be covered over with 
bricks. 
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In order to calibrate or standardize a pyrometer it is necessary to have 
a luminous source whose black body temperature is accurately known. The 
primary standard must be some form of a heated inclosure whose walls 
ean be maintained at a uniform constant temperature. Some means must 
also be used for determining the true temperature of the inside of the 
inclosure. 

This is generally accomplished by some form, of an electric re- 
sistance furnace, as shown in Fig. 9. It consists of a central porcelain 
tube overwound with thin platinum foil through which passes an electric 
current which can be adjusted to maintain any desired temperature up to 
about 1,600° €. Concentric with this tube are two shorter ones which, 
with the intervening air spaces, minimize the radiation. Some form of 


thermo-couple is placed in one end so that the hot junction is near the 


Fire. 9. 


center of the tube. If there is a cold junction it should be piaced in 
crushed ice. The thermo-couple may be either connected to a potentiome- 
ter or a sensitive potential galvanometer which reads millivolts, and 
by means of a previously determined calibration any temperature may be 
determined. Except in refined work the ice point is not necessary. The 
furnace is connected in series with a rheostat and 110 y. DC. 

For the calibration of the Wanner or Le Chatelier pyrometer it is 
not necessary, as will be shown on the following pages, to know but one 
black-body temperature so that as a working standard any convenient 
luminous object such as a frosted globe incandescent lamp, whieh would 
give a uniformly illuminated area of about 1 sq. cm., might be used if its 
black-body temperature at some particular current strength were accu- 
rately known.* 

For pyrometers like the Tlolborn-Kurlbaum (IL-K.), however, which 


can only be calibrated empirically, it is necessary to have a black body 
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whose temperature can be varied. This is generally done by means of an 
electric furnace, but when a Wanner, Le Chatelier, or a calibrated H.-Is. 
is at hand it is easiest accomplished by direct comparison. 

The comparison source may be a thin platinum strip, heated electric- 
ally or a wide filament incandescent lamp. The H.-IKk. may be sighted on 
one side of the strip and the calibrated pyrometer on the opposite side. 
The black body temperature of the strip can be determined by means of the 
calibrated instrument and at the same time the reading of the H.-K. com- 
parison lamp can be taken. 

In the case of a wide filament carbon incandescent lamp it has been 
shown that if it is properly aged for about 20 hours at 1,760° C. it will 
remain sufficiently permanent for a secondary standard for 15 or 20 hours. 

If a lamp is calibrated in terms of black body temperature and current 
strength by means of a pyrometer it may be used as a standard of compari- 


son for calibrating pyrometers just as a black body would be used. 


CALIBRATION. 

In the foregoing a number of instruments have been described for the 
estimation of high temperature, each class utilizing some effect of tempera- 
ture such as the change of resistance, development of small electromotive 
force, change of luminous intensity, etc., and it now remains to indicate 
how each of these instruments may be calibrated to read in terms of tem- 
perature, °C. 

Hlectric-resistance Pyrometer. A resistance pyrometer may be cali- 
brated by comparison with a calibrated instrument or by a number of 
known temperatures such as the boiling points of liquids or fusion points 
of metals, and in general three points are quite sufficient to completely 
calibrate the pyrometer, but no simple equation can be given for all metals. 
For platinum, however, the case is somewhat different, as an extensive 
study has been made of platinum resistance thermometry. 


Callender’ defined platinum temperature Pt as follows: 


R—Row 
tee) 
Rios—Ro 
where R = the observed resistance at the temperature t. 
where R = the observed resistance at 0° C. 


where R — the observed resistance at 100° C. 


® Proc. Roy. Soc. 41, p. 231, 1886. 
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The relation between platinum temperature and centigrade temperature 
from — 100 to 1.100° C. is given by the equatien 


100 100 
where disa constant depending upon the purity of the platinum. For 
pure platinum 0d is 1.50 and for impure it is somewhat higher. Such a 
pyrometer is usually calibrated by measuring its resistance at the melting 
point of ice (0° C.), boiling point of water (100° C.), and some other tem- 
perature, such as the boiling point of sulphur (444.7° C). 

Temperatures measured on such a pyrometer will agree with the tem- 
peratures measured on the gas scale in the range 0 to 1,100° C. to within 
the degree of reproducibility of the latter.” 

Thermoelectric Pyrometer.—It has been shown by a number of experi- 
menters that in order to completely calibrate a thermo-couple, point by 
point comparison is unnecessary, but that three or four known temperatures 
or fixed points are sufficient. No general equation can be given that will 
accurately fit all thermo elements, but for most metals, at, least within a 
limited region, the relation between the potential difference in millivolts 
and the temperature in degrees centigrade is sufficiently well represented 
by the general quadratic equation 

e=a+btict (3) 
where a, b and ¢ are constants that can be determined if three tempera- 
tures are used. It can easily be determined by experiment how well this 
formula will hold for any given couple. Three points should be chosen 
which will cover the region for which the couple is to be used, and a 
curve drawn through these points. If the curve is nearly a straight line 
it can be represented by Equa. 3. 

The fixed points are generally the ebullition of water, analine, naph- 
thaline, sulphur, ete., or the freezing of such metals as tin, zinc, antimony, 
copper, silver, gold, etc. The former, with the exception of sulphur, are 
obtained with less difficulty than the latter, but are of value only for low 
temperatures. 

For a copper-constantan couple the most convenient fixed points are 
the fusion temperature of antimony (630.7° C.), zine (419.4° C.), and tin 
(231.9° C.), and for a platinum couple zinc, antimony and copper 
(1,083° C.). 


10 Bulletin Bureau of Standards, Vol. 6, p. 196. 
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Radiation Pyrometers.—Hqua. (1) may be written in the form 
P ae 
leg K, hee, (4) 
Al 
where 


loge 
k= Cr 


C, for a black body temperature equals 14,500 when 7 is given in terms 
of x, 

Equa. (4) may be applied to any pyrometer, using monochromatic 
light, in which the luminous intensity can be varied in a continuous and 
determinate manner as in the Wanner and Le Chatelier. Wither of the 
instruments will, therefore, indicate temperature indefinitely high, but the 
limit of accuracy is reached at about 2,000° C., so that at higher tempera- 
tures the incident radiation is usually cut down by means of one or more 
absorption glasses. The amount by which it is cut down is determined as 
follows: 

Let J’ equal’ the luminous intensity of the incident radiation and Ji 
the value as indicated by the instrument when one glass is used, then 

eee ote 
where R is the absorption factor. For two absorption glasses 
ian (el ER Ee rene 
and for n glasses 
If = (5) 
also 
1S Ike (6) 

The general expression, then, for the relation between energy and abso- 

lute temperature, is from (4) 


log J’ = Ki — K,—. 
T 
From (5) 
1 
log J + nlog R= K, — K, —, 
‘TT 
whence 
t 


= + — 278, (7) 
K, — log J—nlogR 


where t is temperature in degrees C. 
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Equa. (7) is a general equation for connecting the relation between 
temperature t and luminous intensity J and can be applied to any pyrom- 
eter in which J can be determined theoretically. For the Wanner pyrom- 
eter J = tan’ o where is the angle of rotation of the nicol analyzer, 
and for the Le Chatelier J = (1/d)* where d is the length of one side of 
the iris diaphragm. Ka, K, and R are constants and can all be determined 
without reference to any temperature observation. 

Wanner Pyrometer.—this method of calibration will be made clear by 
an example. For a particular Wanner pyrometer the value of 4 was 
0.656 2, 

Therefore 


14.500 0.4343 


.656 
= 9,600. 

It is seen from (4) that if Ki were known, various values of ¢@ might 
be substituted in the equation and the corresponding temperatures calcu- 
lated. Now by assuming some angle of rotation ¢ for some particular 
temperature T, as in the above case, Ki may be found. For example, let 

T = 1273 and ¢ = 45°. 
Then from (4) 


1 
K, = log tan? ¢ + K, — 
, 


9,600 
—( + == lay 
1,273 
For @ 10, and n= 0, t may be calculated from (7), 


9,600 
t = 273 
7.55 + 1.51 


— TF i= C. 


— 
Le Chatelicr Pyrometer.—ihe wave length for the red glass used on a 


Le Chatelier pyrometer was found to be 0.649 1. The constant K then 
becomes 
14,500 0.4343 


y= 
0.649 


==) 700: 
Holborn-Kivtbaum Pyrometer.—Such an instrument must be calibrated 


empirically and the calibration will be different for every lamp used. It 
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has been shown", however, that the relation between temperature and cur- 
rent through the lamp may be represented by the general quadratic equa- 
tion 

I=—a-+ bt-+ ct?, 
so that three known temperatures are sufficient to completely calibrate the 
instrument. Such a pyrometer may be readily calibrated, without the use 
of a black body, by means of a standard pyrometer comparison lamp as 
explained above. If such a lamp is not properly calibrated in terms of 
temperature and current its black body temperature, for any value of 
current, may be determined by means of another calibrated pyrometer. A 
platinum ribbon may be used in the same way. 

Physics Laboratory, 
Purdie University. 


" Bulletin, Bureau of Standards, Vol. I, p. 255. 


321 


Two Pint GAMETOPHYTES IN ONE OVULE. 


By M. S. MARKLE. 

In sectioning some pine material of unknown origin, I recently found 
one ovule that had in it two well-developed gametophytes, each of which 
had developed archegonia. This probably means that two megaspores func- 
tioned instead of the usual one. I understand that the abnormality has 
ulso been noticed by Miss Sargent. The two gametophytes occupied the 


positions shown by the accompanying sketch. 


[21—26988 ] 
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Inprana Wreps—T HEIR Con'rrot AND HRaApicaTION. 


By G. M. Frirr, B. S. A., Assistant Agricultural Extension, 


Purdue University. 


The subject of weeds is one in which the people of Indiana are taking 
more and more interest each year. The farmers, who constitute a large 
percentage of the population of the State, are much concerned about the 


Weed situation now confronting them. There are growing on the farms 


Bracted Plantain. 

Buckhorn. 

Black-seeded Plantain. 
Common or Dooryard Plantain. 


He CO roe 


of Indiana today, scores of species of weed pests, and in many cases enor- 
mous numbers of each species. This results in smaller crops and smaller 
profits. Weeds are robbers in a very distinct and definite sense. To the 


citizens of our town and cities they are unsightly and offensive, disfiguring 
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as they do Jawns, gardens, streets and vacant lots. There are being received 
at the Agyicultural Experiment Station, in ever increasing numbérs, 
inquiries concerning weeds of the farm, lawn and vacant lot, their time of 
flowering, time of seeding, distribution, method or methods of propagation, 


prolificacy, means of control, or eradication, and similar queries, showing 


Dog Fennel or Mayweed. 


that there is a general desire and demand on the part of our people for 
information along this line. The following paragraphs will therefore at- 
tempt to take up in a brief and condensed way some of the important 


phases of the weed problem as we have it in Indiana today. 
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HOW WEEDS SPREAD. 
Nature has provided in an interesting and wonderful way for the 
reproduction and dissemination of plants. A large number of common 
weeds, such as the dandelion, sow thistle, wild lettuce, groundsels, white- 
top, ironweed, boneset, joe-pye weed, true thistles, produce seeds to which 
are attached light, fluffy, parachute-like structures which very materially 
facilitate their dispersal by the wind. Other weeds, such as yarrow, ox-eye 


Curled or Sour Dock. 


daisy and curled dock, are either very light, or have light membranous 
attachments. There is a group of weeds, including old witch grass, Russian 
thistle, tumbling pigweed and others, which have the characteristic of 
breaking off when mature at or near the surface of the ground, and, 
rolling hither and thither, far and wide, over the fields, discharge thousands 
of weed seeds as they go, in this way inoculating our fertile soils with 
crop-reducing weed pests. 

Another agency making for the spread of weeds, is water. The seeds 


or fruits of many plants, especially those growiug in or near water, are 
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fitted for dissemination by this agency. Such fruits are those of narrow- 
leaved dock, showing a round, rough, spongy growth on the outside of each 
of the close fitting, persistent sepals; of the Asa-Gray sedge, with its in- 
flated sack attached to the fruit; of the arrowhead, with its corky margined 


fruits which are able to float on the water. 


Black-seeded Plantain 


The seeds or fruits of many weeds are in one way or another carried 
by animals. Thus when slightly moist, the seeds of peppergrass, plaintain, 
groundsel, dropseed grass, and many others, are sticky and will adhere to 
animals’ feet or covering. Some sedges, chickweeds and catchflys have 
sticky glands, by means of which they cling to passing objects. The fruits 
of the avens, and the burs of the common burdock, are armed with hooks, 


and the fruits of the bidens or beggar’s ticks with spines, by means of which 
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they cling to and are carried about attached to the covering of animals 
or the clothing of human beings. Similarly provided for are hounds-tongue, 
stick-tights, tick trefoil, bed-straw, cocklebur, sandbur, motherwort and 
many others. Further, birds and animals devour very large numbers of 
many kinds of weed seeds, not all of which are acted on by digestive juices 
to such an extent as to destroy their viability. These are scattered in bird 


and animal excrement, and grow into new and yigorous plants. 


1. Buekhorn. 
2. Black-seeded Plantain. 
3. Bracted Plantain. 


Noxious weeds are spread through the use on farms of manure and 
sweepings from stock and other cars, and by means of packing about mer- 
chandise and nursery stock. The moving of threshing and other ma- 
chinery from place to place without first cleaning them out thoroughly, 
the use on farms of manure from livery stables in towns and cities, all 
help to spread noxious weeds. The use of impure and adulterated crop 
seed on our farms is responsible in a large measure for the spread of weeds. 


Much of the clover, alfalfa and grass seed used in Indiana today have 


328 


mixed with them considerable quantities of weed seed and other im- 
purities, which, scattered on the land, means weedy fields and reduced 
crops. Many lawns are excessiveiy weedy because of impure seed scattered 
on them. 


THE INJURY WEEDS DO. 
Indiana farmers are losing many hundreds of thousands of dollars 
each year because of the weed situation existing in this State. A con- 


tinuous and strenuous effort to control weeds ought to be made, because— 


Vervain. 

Mayweed or Dog Fennel. 
Catmint 

Night Flowering Catchfly. 
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1. They rob crops of plant food and moisture. Plants feed as really 
as do horses or cattle. As growing crops remove plant food from the soil, 
the farmer must count on the necessity of returning an amount of plant 
food to the soil at least equal to that removed, if he expects to continue 
to grow crops abundantly and profitably. Weeds require approximately the 
same kinds of plant food as do farm crops, and they require them in 
approximately the same amounts. Crops suffer when weeds use up a 
large share of plant food. To put this plant food into the soil the farmer 
expended money, time and labor. Further, an adequate supply of moisture 


in the soil is indispensable for the successful growing of crops. Weeds, like 
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other plants, are constantly, during the growing season, pumping water 
from the earth. Much of this ultimately goes off into the air, and, as far 
as crops are concerned, is wasted. For the formation of every pound of 
dry matter in a corn crop, there are required 300 pounds of water. Often- 
times crops suffer seriously for moisture owing to the presence of weeds, 
and as a result these crops are much reduced in quantity and value. 

2. Weeds choke out the desired crops. No field can produce excellent 
crops of corn or wheat and a heavy growth of weeds at the same time. 
This, in agriculture, is as impossible as in physics it is impossible for two 
bodies to occupy the same space at the same time. When a heavy growth 
of weeds is present, corn, vegetables or any other crop. are likely to be 
weak and spindling. 

3. Weeds furnish a refuge and shelter for the protection and propa- 
gution of insect and fungus enemies of crops. Fruit, vegetables and field 
crops have very many more such enemies than is ordinarily realized. The 
keeping down of weeds and the removal or plowing under of refuse mate- 
rial, will in no small measure reduce insect and fungus enemies of crops. 

4. The presence of weeds in considerable quantity makes every opera- 
tion on the farm—plowiug, harrowing, seeding, cultivating, harvesting, 
marketing, etc., more expensive. Further, on a farm where weeds are not 
inteiligently and continuously combated, machinery is more short-lived, and 
repairs are needed oftener. 

5. Property overrun with weeds is less attractive, and will not sell 
as high as property giving indication of thrift, intelligence, and successful 
management. Moreover, weeds are an offense to one’s esthetic taste, 
and an eyesore to all passers-by. 

In view of these facts, it is very plain that weeds are distinctly robbers, 
and should be controlled and, where possible, eradicated. To deal effect- 
ively with weeds, it is necessary to know something of their characteristics, 
their life history—are they annual or biennial or perennial? How do they 
propagate? When do they flower? When do they seed? Do they produce 
large quantities of seed? Does this seed retain its vitality in the soil for 
a long time or but a short time? To facilitate the gaining of information 
on weeds from reading, lectures or conversation it is a decided advantage 
to know common weeds at least by their commonly accepted names. In 
these later days it is not difficult to obtain a working knowledge of our 


Indiana weeds. Books and bulletins covering the subject are available. 
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The Agricultural Experiment Station or the U. S. Department of Agri- 
culture will gladly furnish bulletins on weeds or weed seeds, or name 
specimens of weeds or seeds sent in. 


It is not possible in this brief article to take up a consideration of a 


Dodder on Clover. 


large number of individual weeds. It must of necessity suffice to consider 
the larger groups into which all our weeds fall—annuals, biennials and per- 
ennials. Annuals are those which grow from seed, and in turn produce 
flowers and seed, all within the one growing season. They are, as a rule, 


fibrous rooted and propagate by seed only. Many of them produce seed in 
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great abundance. The seeds of some annuals when buried in the soil retain 
their vitality for long periods. Mustard seed, for instance, has been known 
to lie in the soil for a quarter of a century and then when placed in a 
favorable environment, grow into vigorous nlints. In this class we have 
such common weeds as dodder, foxtail, smartweed, Russian thistle, crab- 
grass, pigweed, lamb’s quarters, dog fennel, barnyard grass, tickle grass, 
bracted plantain, ragweed, corn cockle. night-flowering catchfly, mustard 
and whitetop. 


ee 


Buckhorn. 


Biennials are those plants which spring from seed and produce only a 
eciuster of leaves the first season. In these leaves are manufactured and 
stored large amounts of plant food for use during the second season of 
growth. During the second season, a flower stalk is sent up and many 
seeds formed, after which the plant dies. This group depends on seed for 
propagation. Here belong wild carrot, wild sweet clover, burdock and com- 
mon evening primrose. 
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Perennials are those which live on indefinitely year after year, repro- 
ducing from seed, or, in addition, from buds near the crown of the plant, 
as in buckhorn, or from buds here and there along running underground 
parts as in Canada thistle. Many perennials are persistent and particularly 


Twitch or Couch Grass. 


noxious. Here belong horse nettle or sand brier, twitch or couch grass, 
sour dock, sheep sorrel, field bindweed or wild morning glory, ox-eye 
daisy, yarrow, wild barley, black-seeded plantain and others. Farmers and 
other property owners are urged to acquaint themselves with the common 


weeds, their names and characteristics, for on these latter in a large meas- 


ure are based methods of control or eradication. The following suggestions 
in regard to weed control apply to all classes of weeds: 

1. Buy seed which is the purest obtainable and of strong vitality. 

2. Before buying, test a sample of it, or send a sample to the Branch 
Seed Laboratory, Experiment Station, Lafayette, to be tested for purity 
and germination. In this way only can any one learn the character of seed 
he proposes using, in regard to freedom from weed seed and in regard to 
viabliity. 

3. As far as possible, prevent weeds about the farm from seeding. 
Pulling, the use of the scythe along ditches, roads, lanes and fences and 
about the yards and buildings and in the wood lot, as well as the use of the 
mowing machine where possible, will accomplish this in a large measure. 

4. Thoroughly and repeatedly cultivate corn crops so as to keep weeds 
down. 

5. Breaking weed-infested ground in the fall and harrowing at short 
intervals and repeating the harrowing in spring to encourage weed seed 
lying in the soil to germinate and to destroy the seedlings, is to be recom- 
mended. 

For biennials repeated cuttings during the second season of growth, 
pulling or spudding where only a few plants are in evidence, together with 
the introduction of a hoed crop (corn or potatoes, say), are effective. 

Perennials will need more extensive treatment than is indicated above. 
A treatment such as the following is suggested: 

Plow in the fall and follow with frequent harrowings both in the fall 
and in the spring. About the end of May sow with rape in drills, or broad- 
cast millet, cowpeas or Canada field peas and oats. When well advanced, 
use these crops for pasture, or feed in the yard to supplement other pasture 
crops. Animals, especially hogs and sheep, are very useful in destroying 
weeds on the farm. Plan to use them as extensively as possible. Follow 
the smoother crop (rape, millet, etc.) with wheat seeded heavily with clo- 
ver. When wheat is off let a crop of clover grow up. Pasture this or 
plow it under. Follow this with a well-cared-for corn crop. This method 
is in addition to general suggestions given previously. Eternal vigilance, 
care and persistence is the price of a clean farm. That a clean farm, indi- 
cating thrift, intelligence and taste, is more attractive, satisfying and 
profitable than a weedy, carelessly operated one, there can be no question. 


In cities and towns the least that can be done is to frequently cut weeds 


334 


with the scythe or other tools, so that they can not form seed. Street com- 
missioners and other citizens possessed of a goodly amount of energy and 
civie pride can do much to create and maintain a ‘city beautiful” so far 
as neatness of streets, lanes. vacant lots, etc., are concerned. In connection 
with lawns, mention might here be made that it has recently been learned 
by experiment stations, that the use of iron sulphate on lawns and weedy 
areas is profitable, practicable, effective and cheap, if rightly applied. By 
it dandelions, plantain and other weeds can be controlled. It is coming 
into extensive use on farms in some parts of the United States. Suitable 
machinery is made for the application of iron sulphate either on a large 
or a small scale. The treatment of the subject of the use of iron sulphate 
can not be taken up in detail here, but the writer will be glad to furnish 


any information desired on the subject at any time, 
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Tuk Precuacial, VALLEYS OF THE Uprrr MISSISSIPPI AND ITS 


FIASTERN TRIBUTARIES. 
Harry M. CLeM. 


So far as the writer is aware, there has been no attempt to compile 
a map showing the results of researches upon the preglacial drainage of 
the region indicated in the title. The following paper addresses itself to 
that task, together with a brief discussion of the reason for believing that 
certain streams shown on the map were preglacial. Only the briefest out- 
line can be given in this short discussion, which merely undertakes to 
pioneer the large field lying before it. 

The attempt has been made to map accurately the preglacial channels 
of the area in question, but this may not always have been attained, for 
several reasons. The literature is not adequate in all the fields of the area, 
and often the statements made are not so clear as might be desired. The 
word “probable” is very frequently used and renders mapping difficult, 
if not impossible. Occasionally, authors differ, and in such cases the one 
which seemed to be the better authority is followed, and the dissenting 
theory mentioned in the text. No attempt has been made to give a critical 
discussion of the different theories. Any reader who may desire more 
detailed information than this paper furnishes can find all that is of im- 
portance in the accompanying biblicgraphy, or he may look there for cor- 
rection or verification of any points in the discussion with which he may 
disagree. 

The greater portion of the region covered in this paper is so deeply 
buried in drift that only the major details of the ancient preglacial topog- 
raphy are apparent. The multiplicity of minor topographie details that 
give final expression to the landscape are so completely buried from sight 
that it may never be known how the ancient surface appeared before the 
advent of the glacier. Only by a multiplicity of borings could a general 
idea of the details of that buried topography be obtained, and that is im- 
possible except where some deep-seated natural resource induces men to 


sink deep wells. Thus innumerable small valleys have been obliterated and 


1Not published here. 
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lost to history. The larger valleys generally remain sufficiently unobseured 
to enable geologists to trace their courses, either continuously or at inter- 
vals close enough together to enable a safe inference to be made concerning 
their previous courses. The larger the valley the better chance it had in 
general to leave behind itself traces of its former course, for, occupying the 
lowest part of the surface and carrying great quantities of water, it was 
automatically kept open by drainage from the melting ice. Yet even the 
largest river trenches were in imminent danger of defacement. Such an 
instance is found in Jay and Adams counties, Indiana, where there are 
signs of a huge valley whose bottom is buried beneath nearly 400 feet of 
drift and no traces left of its existence on the surface. Another case is 
that of the preglacial Mississippi where it turns southeastward to the 
[Ilinois valley just below Clinton, Lowa. 

The map shows large hiatuses wherein there are no preglacial streams 
indicated, but they certainly exist buried in several hundred feet of drift. 
West and south of the basin of Lake Michigan and between that basin and 
the Lake Erie depression in northern Indiana and Michigan no details are 
shown, and only a few larger courses suggest probabilities of preglacial 
existence. The depth of the drift and the absence of deep-seated natural 
resources do not encourage the digging of a sufficiently large number of 
deep wells to permit the construction of a topographic map of the preglacial 
surface. Enough, however, is known to assure us that the ancient drainage 
lines were quite different in many details from the present systems. 

Without further preliminaries we shall discuss the pros and cons re- 
garding the Claims of the streams shown on the maps to a preglacial an- 
cestry. For the sake of convenience of treatment, the area is divided 
according to the several smaller drainage basins which make up the 
greater Mississippi basin. This will be found convenient because there 
are wide elements of correspondence between the present and the pre- 
glacial drainage basins, as a glance at the generalized map will show. The 
basin of the Great Lakes, which seems to cut out a portion of the Mis- 
sissippi basin, and which is separated by a very low primary divide, over 


which the lakes drained in the Ice Age, is discussed briefly. 


THE PREGLACIAL DRAINAGE OF THE UPPER MISSISSIPPI 
BASIN. 
The preglacial divide of the northern side of the Upper Mississippi 


basin is not definitely determined. It can be pretty definitely located at 


Huron, N. D., where there is a col and a constriction in the James river, 
a preglacial divide, over which the reversed headwaters of that stream now 
run southward. From Huron eastward its location is a matter of specula- 
tion backed up with slender evidence. From here it may have turned south 
across the present Mississippi valley somewhere near ‘military ridge,” as 
Hershey (46) would have it, and then eastward, or it may have turned 
north some distance east of Huron along the east edge of the basin of the 
Red river, but this will be discussed more fully later. “Between the Rock 
river drainage line and Lake Michigan there is a somewhat less elevated 
belt of limestone, which ‘extends curvingly in a direction east of south 
into western Indiana.” (Leverett, 64:16.) Somewhere in eastern Illinois 
or western Indiana a spur ran south, probably near the present divide be- 
tween the Wabash and Illinois system separating the preglacial as well as 
the present basins. The location of the divide north through Wisconsin is 
not well known, but there is no doubt that it was east of the present “drift- 
less area.” 

Even if it were possible and profitable, space does not admit of a de- 
tailed discussion of secondary divides, which can generally be inferred 
from the location of the preglacial valleys. After calling attention to the 
fact that the present Mississippi river has evidently a system of drainage 
widely different from the system or systems which were operative in pre- 
glacial times within the region now drained by it, Leverett says: ‘Besides 
opening a new channel at each of the rapids, the stream apparently is occu- 
pying sections of two or more independent preglacial valleys.” (64 :461.) 

As to the course of the Mississippi above St. Paul, Chamberlain sug- 
gested, in 1879, that it is post-glacial (19:255), but that it probably follows 
the preglacial channel in short stretches. Hershey, in 1897, agrees with the 
suggestion. 

Hershey has the following to say concerning the preglacial valley 
above St. Paul: “The high upland area which trends north and south on 
its eastern side at some distance from its immediate border, continues 
without a change for many miles to the north, passing to the east of 
Lake Phalen. Although deeply covered with drift, it is undoubtedly based 
on an upland area of rock. To the west of it, and in the direct line of con- 
tinuation of the old Mississippi valley, there is a topographical depression 
which trends for many miles te the northwest. It is occupied in places by 


lakes, the most important of which is lake Phalen. This, in my opinion, 
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will probably be found to be the ancient course of the Mississippi river. 
That it is the position of a preglacial valley is indicated by a deep well 
at the St. Paul Harvester Works, situated in the present topographical de- 
pression, which penetrated rock at 285 feet beneath the surface or 628 feet 
above the sea, which is 55 feet beneath the present low-water level of the 
Mississippi river at St. Paul. The lake Phalen depression is separated 
from the head of the Mississippi canon valley by a moraine which is evi- 
dently based on a comparatively low surface, for it does not rise nearly as 
high as the drift to the east or west. As seen from the opposite side of 
the valley, its escarpment or bluff at the head of the old canon valley shows 
such topography as is usually produced by the erosion of drift. In short, 
all the evidence favors this lake Phalen depression as the position of the 
pre-glacial continuation of the Mississippi cafon valley.” (46: 263.) 

From the southeastern corner of St. Paul to Leclair, Hershey believes 
with other geologists that the valley is pre-glacial. In the vicinity of Du- 
buque, however, he thinks that the valley is proportionately too small for 
the stream which it carries, that the preglacial stream flowing past Du- 
buque could not have been larger than the present Rock river, or possibly 
no larger than the Pecatonica. The valley is canon shaped and narrow and 
the rock floor is about 300 feet below a deep filling of drift. The divide 
is suggested to be somewhere between La Crosse and Prairie du Chien, par- 
ticularly where “military ridge’ is traversed by the present river. 
(46 :266.) 

Hershey believes that the stream north of this ‘supposed divide flowed 
toward central Minnesota instead of away from it, but that the reversal 
came early, before the Ice Age, probably at the end of the Ozarkian, by an 
uplift in the north, or, as an alternative view, it may have “resulted from 
the disturbance of other drainage systems by the accumulating northern 
ice. For instance, it is quite possible that the Kansan ice-sheet had ad- 
vanced across the cutlet of the supposed northwardly flowing ancestor of 
the upper Mississippi river, obstructing its flowage, and after the produc- 
tion of a great extra-glacial lake, turning the drainage of the entire region 
over the lowest point on the divide which intervened between it and the 
headwaters of the southwardly flowing central Mississippi river, long before 


it glaciated the country south of the ‘driftless area.” (46 :267.) 


. 309 


Leverett accepts this hypothesis, or at least he quotes it and offers 
no objections. (64 :461-2.) 

The question of the preglacial course below Clinton, Iowa, is not yet 
fully settled. Leverett discusses the problem fully in his writings (58, 60, 
62, 63, 64), and lately Carmen has spent some time in the Clinton region, 
but his paper is not yet published (16). The number of wide channels be- 
tween Clinton and Muscatine, and the depth of drift renders the problem 
very complex. 

A quotation from Leverett (Monograph 388, pp. 466-7,) will give a 
air idea of the location of the preglacial course below Clinton: ‘Udden’s 
special investigation has led him to the conclusion that the praeglacial line 
must have been along one of two courses, either southeastward through the 
Meredosia slough and Green river basin to the Illinois at the bend near 
Hennepin, or directly westward through the Wapsipinnicon basin to the 
mouth of Mud creek, and thence scuthwestward along the Mud creek sag 
to the Cedar; thence the course may have been by way of the present 
Cedar and lower Towa, or more directly southward to the Mississippi just 
west of the meridian of Muscatine. Udden has collected well data along 
the Mud creek sag showing that a buried channel occurs there whose rock 
floor is more than 100 feet below the level of the Mississippi river at Clin- 
ton, and perhaps sufficiently low to have carried the drainage of the pre- 
glacial stream whose valley has been traced southward to Clinton. The 
data are scarcely sufficient to fully establish the connection of this channel 
across the Wapsipinnicon basin, for there are very few deep wells in the 
basin. Another feature which throws some doubt upon this connection is 
the narrowness of the deep portion of the channel along the Mud crecs 
sag. 

“Turning to the southeastward course, one finds a broad depression or 
lowland tract leading from Clinton through to the Illinois river. This low- 
land, except at the outer moraine of the Wisconsin drift in Bureau 
County, stands only a few feet above the level of the Mississippi, and yet 
apparently carries a heavy accumulation of drift. The drift is largely 
sand and there has been no necessity for sinking wells entirely through it. 


1Tt may be well to say here that such constrictions in the valley of the Mis- 
sissipp! occur wherever the river crosses resisting strata of rock, such as the Lower 
Magnesian, and the Galena, Trenton and Niagara limestones, and it may be possible 
that the river has always been running south, being unable to cut its valley so wide 
in the more resistant beds. Hershey’s theory is interesting but not well established. 
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They have, however, penetrated 40 to 50 feet without striking rock. The 
bed rock gradually descends from each side toward the middle of the low- 
land, and some of the creeks coming into the lowland occupy large and 
deep channels which have been only partially filled with drift. This rather 
throws the balance of evidence in favor of the view that the preglacial 
stream flowed southeastward into the Illinois. 

“Tt should be observed that in case the southwestward route proves to 
have been the course of the Mississippi, the present line of the stream de- 
parts from it only a few miles and enters the same old valley below Mus- 
eatine, which it occupies above Clinton. But in case the southeastward 
route proves to have been the preglacial course from Clinton, the pre- 
glacial valley above Clinton finds its continuation down the Illinois in- 
stead of down the Mississippi, and the present Mississippi passes from one 
drainage system to another in its course between Clinton and Muscatine.” 

Carmon gives many more interesting details, but he concludes with 
Leverett and Udden: “It is quite possible that in one or the other of these 
courses the preglacial Mississippi flowed. Both appear to have rock floors 
to carry the waters of the streams which excavated the Mississippi valley 
above Clinton, but the data are not complete enough to allow us to decide 
which of these two courses was the real one” (16). Carmen gives an 
interesting discussion of the changes produced by each ice invasion upon 
the Mississippi and a reading of this will help detract from the complexity 
of the situation in this region. 

From Muscatine southward the Mississippi is flowing in a broad pre- 
glacial channel except for a few miles above Keokuk, Iowa, where it is 
flowing in a post-glacial gorge known as the Lower Rapids (63). The old 
drift-filled valley which has been studied by C. H. Gordon (41), is about 
twice as wide and 100 feet deeper than the present valley, and lies to the 
westward in Lee county, Iowa’ (Fig. 1). Below Keokuk the Mississippi 
follows the preglacial channel. 

Not much space can be devoted to a discussion of the tributaries be- 
‘ause the map shows the ones that can be mapped with any certainty, and 
the reference in regard to each one are full. 

Regarding the preglacial history of the Minnesota valley, Upham sayer 
(1381): “There is evidence . . . . in the terraces of modified drift 


2 Leverett also gives a map and cross sections of this channel, See bib. 62, 
63, 64; also J. E. Todd, 114. 
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along the Minnesota valley, that in large part its erosion was effected in 
preglacial time and during stages of retreat and readvance of the ice-sheet 
previous to the final departure.” In an earlier article he says that the 
valley was eroded in the Lower Magnesian and Calciferous formations, 
before the Cretaceous subsidence, was re-elevated, and, in the first prin- 
cipal epoch of glaciation, covered with a ‘thick, unbroken, moderately 
undulating expanse of till” and partly re-excavated by an interglacial 
stream which, guided by the slope determined by preglacial erosion, coin- 
cides along much of its way with the old valley eroded in these strata 
before the Ice Age (119:109). 

The St. Croix river has been discussed by Berkey, R. T. Chamberlin 
(18), Elftman (380), and Upham (121, 132) and others. Chamberlin thinks 
the preglacial course from the Dalles of the St. Croix was east to the pre- 
glacial Apple river; while the other writers would have it to the westward. 
The streams of the driftless area in Wisconsin, Minnesota, Iowa and 
Illinois are preglacial (20, 45-47, 64). 

The Wisconsin river is in the preglacial channel below Prairie du Sac. 
Below Kilbourn City, according to Salisbury and Atwood (89), the pre- 
elacial course is east of the present stream, through the Lower Baraboo 
Narrows, and the Devils Lake Gap of the quartzite ridges on either side 
of Baraboo, Wisconsin. According to Fenneman (33), a preglacial tribu- 
tary of the Wisconsin passed northwest through Kegonsa and Mendota 
lakes. Fenneman finds sections of preglacial channels marked out by the 
lake basins in southeastern Wisconsin, as shown on the map. 

In Illinois, outside of the thick Wisconsin drift which obscures the 
preglacial valleys of the northeastern part of the State, the preglacial val- 
leys can be fairly easily traced. Outside of the triangular area whose 
vertices are at Clinton, Hennepin and Rockford, the directions of the pres- 
ent and the preglacial drainage systems are coincident. In this triangular 
area, the changes have been considerable (62, 64). The preglacial valley 
of Rock river from Janesville, Wisconsin, to the edge of the Wisconsin 
drift southward is easily traced, but beyond that the drift rises 100 feet 
above the preglacial bluffs and its course can be traced only by borings. 
Its bed is found to be a little lower than that of the Mississippi to the west, 
descending 210 feet in a distance of 100 miles south from the Wisconsin 
border. It probably was tributary of the preglacial Mississippi if that 


river joined the present Illinois. 


Chamberlin (19), Upham (125, 128), and Spencer (94) have postulated 
a preglacial outlet of Lake Michigan through Illinois to the Mississippi, but 
no such channel has been found. Cache basin in southern Illinois is inter- 
esting. because it may be a portion of the preglacial Ohio, as deposits of 
clay indicate, but why or when it was abandoned is not known (64). 

A glance at the map of Iowa shows a correspondence in location and 
direction between the preglacial and the modern drainage lines. The 
geological survey of the State of Iowa is not yet completed. The breaks 
in the preglacial valleys on the map indicate either that the river is not 
running in a preglacial channel or that it has not been studied. Space 
will not permit a detailed statement as to which of these two facts is 
indicated, but a study of the references will make it clear. In the eastern 
part of the State the preglacial drainage has been obscured by drift and 
the flow of the temporary interglacial Mississippi across them, while in 
the northwest the drift alone has defaced the ancient valleys. 

In Missouri but little study has been devoted to the preglacial condi- 
tions of the State. J. E. Todd (111) has given,the following summary of 
the preglacial drainage in the Missouri Geological Survey: “The Kansas 
River may have flowed at a higher level, which is indicated by the Weston 
rapids, and it may be guessed that its course was eastward as far as 
Chariton County, then possibly northward by the buried channel found in 
Linn County and Putnam County, although that channel may not be deep 
enough. All that is now known is that there were deeper channels in 
Iowa whose beds are lower than the bottom of the present channel of the 
Missouri river near New Frankfort. Reference is made to the Washing- 
ton channel discovered by Calvin, and further discussed by Bain. The La 
Mine and its tributaries may have flowed north and joined it. The Osage 
and Gasconade may have similarly gone northeast into the valley of the 
Illinois, the former by way of the valley of the Auxvasse or Big Muddy 
to the valley of the Salt River and northeast, passing somewhere near 
Quincy, the latter by the lower course of the Missouri. It may be consid- 
ered more likely by some that the Kansas river passed Moberly and joined 
the Osage, or that all these streams may have had nearly their present 


courses to the present junction of the Osage and Missouri*.” 

®* See bibliography, 7, 12, 15, 41, 71, 81, 90, 103, 118, 139. 

*For references on the tributaries of the Mississippi see: 1, 2, 3, 7, 8, 14, 15. 
16. 25, 30, 33, 41, 44, 45, 46, 57, 58, 62, 64, 68, 70, 71, 81, 90, 103, 118, 146. 
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THE PREGLACIAL DRAINAGE OF THE BASIN OF THE WABASH 
AND LOWER OHIO. 

About one-half of the drainage basin of the Wabash river is so deeply 
buried under glacial deposits that there is very little similarity between the 
modern watershed and the watershed of the preglacial streams that dis- 
charged through the lower course of the Wabash. The preglacial rock sur- 
face was probably very rough, for the drift varies within short distances 
from a few feet to over 200 feet in depth. 

The Wabash river at Lafayette is flowing in its original channel. 
Below Lafayette the preglacial channel runs westward and then southward, 
meeting the present Wabash at Covington. Below Covington the present 
river follows the ancient channel. Nothing is known of the upper portion 
of the preglacial Wabash above Lafayette. A study of the drift covered 
rocks reveals a divide extending south along the west side of Lake Mich- 
igan, and curving to the east into Indiana. It is from 100 to 200 feet above 
Lake Michigan and is deeply sculptured by preglacial streams and thor- 
oughly drift covered. It has been suggested that the Lake Michigan basin 
was the headwater portion of the Wabash in preglacial time. On this point 
Leverett says (62): “The headwater portion of the Wabash stream form- 
ing the preglacial Wabash may prove to have been in the Lake Michigan 
basin. But if so the connection with the Wabash is through a very much 
narrower trough than that occupied by Lake Michigan. Borings at both 
North Judson [497 ft.], Winamac [490 ft.] and Monticello [467 ft.], Indiana, 
situated near the line connecting the heads of Lake Michigan with the pre- 
glacial valley at Lafayette, go to a level about 100 feet below the surface of 
Lake Michigan before entering rock. But within a few miles east of this 
line rock ledges have an altitude as great as the surface of Lake Michigan, 
while immediately west of this line they rise 90-125 feet above that level. 
This trough can not have, in the vicinity of Monticello, a breadth of more 
than ten miles. Monticello is situated near the middle of the trough. The 
probabilities are, therefore, against the existence of a much deeper channel 
LE Whe 

Leverett (65) suggests that the old channel which passes into Grant 
County from Ohio may be a headwater portion of the preglacial Wabash. 
The modern Wabash has not completely excavated the ancient valley to its 
full width above Terre Haute, but below that city the excavation is more 


nearly complete. 
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Not much need be said about the tributaries of the Wabash, for Ley- 
erett has very fully discussed them. The details have not been worked out, 
and what is known was that most easily determined. Usually it is the 
lower portions of these streams and the lower portions of their tributaries 
that are well known, the headwaters being usually post-glacial and the pre- 
glacial valleys covered with drift. 

The course of White river below the north line of Greene county, with 
slight exception, is so completely covered with drift that the course of the 
preglacial stream can not be ascertained. For a few miles below Martins- 
ville the present stream follows a preglacial valley. The river below Spen- 
cer flows for a few miles in a narrow, shallow channel among the hills and 
ridges, there being no definite preglacial drainage lines to control its course. 
It occupies a preglacial valley from the mouth of Raccoon creek down to 
Worthington, where it joins a wider valley two to two and one-half miles 
wide, which trends south. From this point to its mouth, the course of the 
stream is nearly coincident with a broad preglacial line. 

Bean Blossom creek, which Leverett has not included in his map of the 
preglacial drainage of Indiana, is undoubtedly preglacial. This is the con- 
clusion of Dr. E. R. Cummings and VY. If. Marsters, both of Indiana Uni- 
versity, who have worked in this region (69). 

The Patoka is very interesting on account of the fact that it is a 
composite of the headwaters of four different stream systems. For short 
distances it follows a preglacial channel and then it suddenly crosses rock 
surfaces which were formerly cols between the preglacial streams. The 
three upper stream systems emptied northward in preglacial time into the 
White river. During the advance of the Illinois ice-sheet the mouths of the 
stream were dammed, and lakes were formed. ‘The water in the upper or 
eastern lake flowed into the next west over some low sag in the divide and 
this into the third. Whether the lake drained south over a sag into the 
Ohio or drained westward to the Wabash through some sub-glacial channel 
is not settled, but Leverett inclines to the latter (64: 101-2). 

The Ohio river (65; 183) below Madison is thought to be preglacial 
through its entire course along southern Indiana, except probably for a 
short distance at Louisville. as J. Bryson (12) and C. FE. Siebenthal (91) 
have discovered. This is Leverett’s conclusion also, but he says further, 
“A course about as direct is found in a line leading west from Madison, 
Indiana, along the Muscatatuck, to the East White and White rivers and 


thence down the Wabash to the Ohio. That there was an ancient west- 
ward drainage along the East White river is shown by the presence of 
‘Tertiary gravel near Shoals, Indiana, that was brought from the east. But 
the East White has a smaller channel than the neighboring part of the 
Ohio, and no channel has been discovered near Madison to connect the 
Obio with the Mascatatuck Valley. It, therefore, seems a less favorable 
eourse than that down the Ohio” (65: 112). 

Both Tight and Leverett agree in placing the head of the preglacial 
lower Ohio near Madison, Indiana, thus making it a very humble stream 


compared with the conditions of today. 


THE PREGLACIAL DRAINAGE OF THE BASINS OF THE UPPER 
AND MIDDLE OHIO. 


Much work has been done in this basin, and much has been written 
about it, and maps of local areas have been made to cover most of the 
State, but no general map has ever been compiled. The bibliography, as is 
apparent, contains a great many excellent references to this region. Ley- 
erett (65) and Tight (109) give the most complete discussion of the sub- 
ject, and several other geologists have carefully discussed limited areas of 
the basin; and in view of the fact that so much has been written on the 
subject only a few necessary points will be given here. 

The Ohio river is remarkable in many respects, for it presents much 
variety in width, depth and other characteristics. The valley varies in 
width from six miles, where the walls are low and gentle, to one mile, 
where steep bluffs enclose it, and its depth ranges from less than 100 
feet to 800 feet. Its bed presents a succession of riffles where its channel 
runs over rock and shoals where the bed is upon a filling often 75 feet 
deep. The number of narrow places where the bluffs are steep is remark- 
ably Jarge, as is shown on the maps (Pls. IV, V) by the term “col” and 
at such places the valley is young. Between the cols the present valley is 
frequently crossed by old, wide valleys that extend for miles on either 
side. Many of the tributaries, especially below Portsmouth, enter in oppo- 
site directions to their general course and many that rise close to the 
main river, flow around for miles before entering, a fact indicating the 
recent origin of the Ohio (109: 34). Much of the same may be said of 
many of the tributaries, such as the Muskingum, Hocking, and the Alle- 
gheny, for they are, too, “things of shreds and patches,” having been pra- 


duced by the union of portions of yarious stream systems, 
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The location of the primary divide, if the preglacial drainage lines 
have been established correctly, can be followed in a general way by a 
glance at the maps (Pls. IV, V). The portion of the divide, and the most 
important portion, between the Wabash and Erie basins has not yet been 
satisfactorily located. Upon its accurate determination depends most of 
our knowledge of the outlet of the drainage of southern and southeastern 
Ohio. Some general facts concerning it will appear in the following dis- 
cussion. From near Mt. Vernon east and southeast to New Martinsville 
the divide is well located, and the area northeast and north drained to the 
northward. The present Ohio is seen to fall into two divisions on this 
basis. 

The portion of the Ohio above New Martinsville reached some northern 
outlet by three different streams (Pl. V). These are easily located, with a 
few minor exceptions, for the preglacial cols are usually apparent. Carll 
(17) called the attention to a narrowness of the Allegheny valley at 
Thompson’s gap and shows that the rock floor of the valley, now covered 
with drift, sloped northward from the divide, and he concluded that the 
headwaters of the Ohio once drained northward by this valley. He con- 
cluded that the outlet was through the Cassadaga valley, but Chamberlin 
and Leverett made later studies, found the Cattaraugus creek valley the 
deeper and more direct route to Lake Brie and concluded that the outlet 
was by that valley (65: 129-30; 21: 101: 159-60). 

Another prominent col just north of Parker separates another section 
of the Allegheny which included the Allegheny to a little below Oil City. 
French creek reversed to Meadville and an old valley continuing northward 
to some preglacial valley in the Eric basin were the main stream in the 
system, for here is an old, wide rambling valley in which Cussewaga creek 
flows south to join French creek. Leverett accepts this outlet, showing that 
the drainage could not have been up French creek above Martinsville, be- 
cause of a col in French creek valley a few miles northeast of Meadyille 
(65: 184-8). 

The next lower section of the preglacial system, whose main stream 
was the Beaver reversed, and the Grand, is variously known as the Spen- 
cer (35), Old Lower Allegheny, Pittsburg (109) and Grand river (21). It 
has been well studied and most authors agree upon its course. The drift 
is deep north of the source of the Beaver; but the old gradation plain 


slopes north to Sharon and then upward farther north, A depression 
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descends westward to Youngstown on the Mahoning. Borings at Niles and 
Rome reached level at 70 feet above Lake Erie, showing that the old Grand 
valley grows deeper in the north (65: 149-51). 

They are marked off by the meridians of New Martinsville and Colum- 
bus and include a mass of detail that, in most cases, is very difficult to map 
from the text. The area south of a line between New Martinsville and the 
mouth of Newark river has been studied thoroughly by Tight and mapped 
in detail (Pl. V and 109) and well discussed. The changes here are quite 
profound but they can be read with little difficulty. 

Theh Muskingum has offered much difficulty to its own solution, es- 
pecially within the deeply drift-covered areas. Leverett (65: 158-65) gives 
the most concise summary of the preglacial conditions of the basin, but 
Tight (109, Pl. I) gives a similar general outline, and with local writers 
discusses the region. 

The Blue Rock col is sufficiently plain to separate that part of the 
present stream into north flowing and south flowing portions. The north 
flowing part might have gone north along the present Muskingum or 
northwest up the Licking, but Leverett favors the latter (65: 161). Tight 
is especially responsible for the section drained by the Licking reversed and 
the preglacial Newark (104: 152, Pl. 1; 91: 160) and of Vernon river. 

Much difficulty was experienced in determining the location of the pre- 
glacial channel which carried the drainage of the present Muskingum after 
it reaches the headwaters of the present Rocky river. Todd (117), a local 
writer who has a paper on the preglacial drainage of the Rocky basin and 
an area south, favors an outlet down the preglacial Rocky, but Leverett 
(65: 165) believes that it flowed east into the old Cuyahoga (PI. IV), 
although he admits that the evidence of a slope in the rock floor in that 
direction is meager. He also favors the idea that the upper Tuscarawas 
was continuous with the preglacial Cuyahoga. 

The system of preglacial drainage (Pls. LV, V) collected into Ports- 
mouth river—the lower Scioto revyersed—is fully discussed by Tight, Lev- 
erett and others and is established. Newark, Vernon and Portsmouth 
rivers united somewhere southwest of Columbus, but it is not well known 
just where. After the union of these rivers the direction of their united 
valleys is not yet determined. Leverett (65: 103-4) says on the question: 
‘“Four possible courses were suggested for the discharge from the southern 


end of the Scioto basin: First, southward, down the Scioto from Waverly 
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to the Ohio and thence down the Ohio; second, northward, along the axis 
of the Scioto basin to Lake Erie; third, northwestward across western Ohio, 
along one of the several deep valleys brought to light in that region by the 
oil and gas wells, eventually to the low tract on the lower course of the 
Wabash or the basin of Lake Michigan; fourth, northeastward past the 
Licking reservoir and an old valley east of Newark to the Muskingum at 
Dresden, and thence northward along or near the present valley of the 
Muskingum, Tuscarawas, and Cuyahoga to the basin of Lake Erie at Cleve- 
land.” (65: 102-4.) Leverett later found an oxbow channel at Lucasville, 
which seemed to testify strongly against a southern discharge, and a divide 
now crossed by the Tuscarawas between Zoar and Canal Dover, which ren- 
ders a northeast discharge impossible. It seems worth while to quote Ley- 
erett concerning the difficulties of the other two routes: ‘The northward 
route along the axis of the Scioto basin encounters a general rise in the 
bordering plain of about 200 feet in the 100 miles between the south end 
of the basin, near Chillicothe, and the continental divide near Marion, north 
of which there is an even greater descent to the Lake Erie basin. If the 
course of drainage was northward across the divide, and if the divide has 
not suffered recent uplift, there must have been channeling in it to a depth 
of about 300 feet. That an axis of uplift exists in this part of the conti- 
nental divide is shown by the arching of the rock formations over it; but 
its extent and its date are not yet determined. 

“The northwestward route leads across the limestone belt on the west 
side of the Scioto basin, whose general level is about 200 feet above the 
continental divide at the north end of the basin and 500 feet above the gra- 
dation plain near Chillicothe. To pass through that region the channeling 
would be so much greater than is required for a northward course along 
the axis of the basin, that one can scarcely resist ruling out the northwest- 
ward course. Yet from what is found on the lower Ohio, where the stream 
passes directly across the low Devonian shale area into the knobstone and 
sandstone formations that now stand much higher, such a ruling may be 
unwarranted. The presence of the low basin occupied by Lake Erie offers 
an additional argument in fayor of the northward route. This basin would 
be reached by that route in less than half the distance required to reach 
a similar low track in the Wabash region, or the Lake Michigan basin by 
the northwestward route. Each of these routes falls within regions so 
heavily covered with glacial deposits that the course of the channels can be 
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traced only by means of borings, and these are so few and so poorly distrib- 
uted as to be inadequate to our needs.” 

Tight favors a northwestward discharge of the Portsmouth river and 
so maps it in Plate I, Professional Paper, No. 15 (109). 

Bownocker has studied the deep borings of west central Ohio and finds 
evidence of a deep channel running from Anna to Celina, north to Rockford 
and west into Indiana, as far as Grant county, where no borings by which 
it may be traced are found (10, 11). This old channel may be a continua- 
tion of the preglacial stream in question (Portsmouth river), and Leverett 
suggests that it may be a tributary of the Wabash (65: 183-4; see 109, p. 
93 and Pl. 1), but adds: “The size of the valley indicates that it drained 
at most only a few counties of western Ohio.” 

Between Manchester, Ohio, and Madison, Indiana, the Ohio crosses 
three cols, which means that it is the united parts of four basins. The 
Licking and Kentucky rivers are thought by both Bownocker and Fowke 
to have been united to form a single stream at Hamilton. Fowke and Tight 
think that from Hamilton it flowed northward along the Great Miami re- 
versed. Leverett, who opposes the idea, states, “It is probable that the old 
drainage south from the latitude of Dayton followed nearly the course of 
the present line to the Ohio. . . . The old Ohio was entered by the 
Great Miami near Hamilton. The latter stream makes slight departures 
from the line of the old Ohio below Hamilton, the old Ohio channel being 
in part farther west than the Great Miami.” (65, p. 184.) 

Fowke believes that the old channel between Hamilton and the mouth 
of the Kentucky was eroded by the Kentucky river, instead of the Ohio. 
He says: “In other words, that stream, instead of following the present 
Ohio as it does now, or flowing across Indiana, turned to the east and 
north and joined the Licking at Hamilton. There is no other channel 
through which it could have gone. . . . From Hamilton northward 
the old river bed is filled with drift and has not been traced. There can be 
no doubt, however, that it joined the old Kanawha (Chillicothe) north of 
Dayton, probably in the neighborhood of Piqua.” (386). The preglacial 
head of the Ohio is by this theory placed at Madison, Indiana. 

The present course of the Ohio is due to the action of the ice-sheet 
which dammed the north flowing streams, forming lakes in the basins which 
overflowed at the lowest point in the divides between basins to the next 
lower neighboring basin. The lakes endured sufficiently long for the present 
Ohio to establish itself in the course which it now follows (86, 109). 
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THE PREGLACIAL DRAINAGE. OF THE BASIN OF THE GREAT 
LAKES. 


The Great Lakes have been so closely connected with the glacial history 
of the Mississippi basin, their origin is so closely connected with the pre- 
glacial Mississippi basin that it seems well to add a chapter to present 
briefly what is known about their preglacial history. 

Newberry was one of the earliest writers to state the theory now so 
universally believed, that the antecedent of the Great Lakes was a great 
river system. According to him the first suggestion of the notion was 
given by deep borings in the valley of the Cuyahoga at Cleveland, which is 
a deep valley filled with drift (79). As early as 1882, in a summary of his 
work, Newberry mentioned, among other points, that he believed that ‘‘an 
extensive system of drainage lines which once traversed the continent, had 
been subsequently filled up and obliterated by the drift of the ice period.” 
(79.) 

Newberry thought the outlet of the lakes through Ontario was through 
a preglacial valley now occupied by the Mohawk river, and so mapped 
it in 1878. Spencer took exception to this idea, saying, “The Mohawk course 
will not answer, as the geological survey of Pennsylvania has shown that at 
Little Falls, Herkimer county, the Mohawk flows over metamorphic rocks.” 
(79.) Lesley added that this rock divide was 900 feet above the floor of 
Lake Ontario. 

Spencer began the study of the connection between Lake Erie and Lake 
Ontario before 1880, and in 1881 announced that he had found that the 
connection was through the Dundas Valley (94), and Newberry at once 
declared that he himself had prophesied the location of the connection where 
Spencer found it. Spencer thought that the outlet of the preglacial valley 
occupied by Lake Ontario could not be the St. Lawrence river, because the 
bed of the St. Lawrence river is of solid rock (94), nor the Mohawk, be- 
cause of the rock divide at Little Falls. The channels through northern 
New York were unimportant and would not answer. The Seneca basin 
and the Susquehanna seemed available at first, for the deepest part of Lake 
Ontario is north of Seneca Lake, but too much subsidence would be required 
(94). After studying the beaches about Lake Ontario and noticing that 
they were tilted to the west, Spencer announced that the preglacial outlet 


was down the St. Lawrence (97, 100). Later he worked out the system of 
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channels which is shown in Fig, 4 (100, 101). Spencer suggested that Lake 
Michigan had a preglacial outlet to the south or southwest (95). 

Upham (125, 128) took exception to Spencer’s interpretation of the 
direction of the Laurentian preglacial drainage, and offered the theory that 
“A great trunk stream flowing south along the bed of Lake Michigan drew 
its chief tributaries on one side from the basins of Lakes Huron, Erie and 
Ontario, and the other side from the basin of Lake Superior.” He held 
that during the latter half of the Cretaceous period nearly all the drainage 
area which now forms Minnesota and the drainage basin of the Missouri 
river was depressed and covered by the sea, while the contiguous area 
forming the Great Lakes region was dry land and continued so up to the 
coming of the Ice Age. 'Phe divide separating this area from the basins 
draining to the Atlantic, extended “along the Allegheny mountain belt and 
directly onward northeasterly to the Adirondacks, turning thence north- 
westerly across the Ontario highlands . . . to the present height of 
land north of Lake Superior.” Spencer’s preglacial stream system was, 
therefore, probably limited to the headwater streams now represented 
by the Lake Champlain basin and the Saguenay and Ottawa rivers. 

Lately Grabau (43) has interpreted the preglacial drainage of the 
Great Lakes region in a manner different from Spencer and Upham. His 
theory briefly stated is this: The old surface of the pre-Cambrian rocks 
was worn away by long continued erosion and there were laid down upon 
them horizontally, but unconformably, the newer beds of Ordovician and 
Silurian rock. Then followed an uplift greater in the north, tilting the 
pew beds southward with a dip of about 25 feet per mile. Following the 
uplift was a period of erosion, wherein the region “suffered an enormous 
amount of denudation, having been brought to the condition of a low nearly 
level tract or peneplain a little above sea level.” Then the surface was sub- 
merged and beds of Devonian limestone, shales, and sandstones were laid 
down over it. The sea bottom became dry land and another cycle of erosion 
began. “Che uplifted beds formed a “broad essentially monotonous” coastal 
piain sloping gently southward. Consequent streams flowed southward down 
the slope. The great master streams developed were the Saginaw, Dundas 
and Genesee rivers, and probably some of the Finger lake valleys. As ero- 
sion proceeded, the sloping harder beds endured and cuestas were formed, 
living their steeper slopes to the north. Along the foot of the escarp- 


quents the subsequent streams flowed to the master streams, The Buffalo, 
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the Tonawanda and other large tributaries coming in at right angles to the 
consequent streams are the subsequent streams and some of their valleys 
are now the basins of the Great Lakes. 

Short gullies, or tributaries to the subsequent streams, called obsequent 
streams, worked headward into the cliffs of the cuestas. Such a stream 
was the St. David’s gorge, which, however, was not the preglacial Niagara, 
as was once believed by Scovell, Pohlnan (S84) and others. 

The direction of preglacial drainage postulated by the theory above 1s 
in accord with the theories of Upham (128), Westgate (187), Russel (88), 
and also A. W. G. Wilson, who has worked the preglacial drainage of the 
region east and north of Lake Ontario in detail (140) (Plate VI). 
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Cross Fer tinizATION AmMonc FISHES. 


By W. J. MoENKHAUS, INDIANA UNIVERSITY, BLOOMINGTON, INDIANA. 
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INTRODUCTORY. 

In the following pages I wish to record the more important results 
of my experiments in the cross-fertilization of fishes. These have been in 
progress more or less continuously since 1898. These experiments were 
originally undertaken with quite another object in view, namely, for inherit- 
ance and cytological studies. A survey of available nearly related forms 
was made that would successfully hybridize for variation and inheritance 
studies. Another purpose was the hybridization of forms with different 
shaped chromosomes, so that the behavior of the latter could be followed in 
development. It soon developed that the possibility of cross-fertilizing 
fishes was very much greater than had hitherto been supposed. This led 


ine to seek all possible combinations of species of whatever relationship 
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that happened to be spawning at the same time, and note the possibility and 
character of impregnation, the development of the hybrids and the fate 
of developing embryos. 

The writer wishes to express his sincere thanks to Prof. Charles B. 
Davenport for privileges enjoyed at the Miami Laboratory, Cold Spring 
Harbor; to Hon. Geo. M. Bowers and Supt. Francis B. Sumner for privileges 
at the United States Fish Commission Laboratories at Woods Hall, and to 
the trustees of the Elizabeth Thompson Science Fund for a grant that made 


it possible incidentally to gather some of the data included in this report. 


HISTORICAL. 


With one exception, to be noted later, it is possible to impregnate the 
eggs of any of the species tried, with the sperm of any other species tried, 
although they belonged to widely separated orders. Isolated instances of 
equally, or even more distinct crosses have been recorded. Appell6f (94) 


made the following crosses among fishes: 


Pleuronectes platessa & 
x 
Gadus morhua 
Labrus rupestris 9 
x 


Gadus morhua <j 


In each of these the species belong to distinct orders. A portion only of 
the eggs were impregnated. A few showed irregularities in cleavage, and 
were presumably polyspermic. The European Amphibia have been exten- 
sively hybridized by Pfliiger (S82) and by Born (83). The former succeeded 
in impregnating the eggs of Rana fusca with the sperm of both J'riton 
alpestris and Triton taeniatus, i. e., an Anuran with a Urodele. The seg- 
mentation, however, was irregular so that all the eggs were probably poly- 
spermic. Morgan (98) succeeded in impregnating the eggs of Asterias with 
the sperm of Arbacia. He obtained normal cleavage, the larvie developing 
to blastulee and gastrulie. His experiments were carefully repeated Dy 
Driesch (98) without result. Mathews (’01) believed Morgan’s results 
were due to parthenogenesis induced by shaking the eggs. Loeb (’03), work 
ing with the Pacific Coast Echinoderms, found it impossible under normal! 


condition to fertilize the eggs of Strongylocentrotus purpuratus with the 


sperm of any of the starfish. However, by changing the constitution of the sea 
water he succeeded in getting impregnations (in some cases 50 per cent.) 
between S. purpuratus 9 and Asterias ochracea, Segmentation was normal ; 
the laryze developed into blastulee and gastrule, some showing the differ- 
entiation of the intestine. Many other experiments in hybridizing fishes 
have been recorded. These, however, were all between nearly related 
species, mostly among the domesticated salmonidée and cyprinide. It would 
not be to the point to pass these in review here. For a good summary of 


these the reader is referred to Ackermann (’98). 


METHODS. 


The method of effecting the crosses and the precautions taken to pre- 
vent contamination with other sperms, were in all cases essentially the 
same. The sexes of the same species were kept in separate aquaria. The 
eggs were expressed into well sterilized watch glasses after which the milt 
was added. Before adding the milt a sufficient number of eggs were taken 
from the lot and placed in a fingerbowl of water, as a control. The 
fertilized lot was also placed in a fingerbowl and allowed to develop there. 
After the per cent. and character of impregnation was determined and the 
development well along in segmentation, changes of water sufficiently 
frequent to insure normal conditions for development were made. All 
dishes, pipettes, etc.. were thoroughly sterilized, first with hot water and 
then with 95 per cent. alcohol. Notwithstanding the fact that it was 
found that little danger of contamination existed, the precautions were 
strictly observed. In not a single instance was there any suspicion that 


the eggs were not fertilized by the desired sperm. 


1] wish to call attention to one defect in the methods of rearing the hybrid 
eggs. It may be objected that while the rearing of the eggs in the fingerbowl may 
be satisfactory for Fundulus and some other species it is not normal for a hybrid 
egg having a sperm from a species that has, for instance, pelagic mode of life during 
its deveiopmental stages. This unnatural condition may, therefore, in part at 
least, be responsible for the failures in the development, or even the particular 
stages at which development ceases. This objection, so far as we know, may or may 
not be of value. I see no way to avoid this experimental error, since it is not prac- 
ticable to cater to the demands of one of the parent species without, theoretically 
at least, infringing on the other. It may be said, however, that many of the species, 
especially those on which most stress has heen laid, have been successfully reared 
by this method, e.x., all the species of Fundulus, the two species of Sticklebacks, 
and the iwo species of Menidia. It is the belief of the writer that this objection 
may be disregarded. 
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DESCRIPTION OF CROSSES. 

In the following detailed description of the various crosses only such 
details are included as seemed valuable. Certain of the crosses were kept 
under observation much more closely than others, and these are more 
completely considered. It seemed desirable, however, to list the other 


crosses made, giving brief notes when such seemed worth while. A com- 
plete list of all the crosses made is included in Table 9. 


Fundulus heteroclitus, female, 


x 


Menidia notata, male. 


This cross was made more frequently and studied more completely 
than any of the others. A description of the chromosomal behavior has been 
published by the writer (94). I included there also a brief description of 
the development. For the sake of completeness this may be incorporated 
here. The percentage of eggs fertilized varies from 70 to 98. Actual counts 
were not made in all the experiments. The percentages in four determina- 
tions were as follows: 


Experiment 24b............ a Mteted yt hes 87 per cent. 
oe 25b. ; ae “Wars BhaeeOO es a ee 
= 24b. “ : Be er Gee IER) ole 
“s 126 F ; Bei (Uae 


Of the eggs impregnated, approximately 50 per cent. are quite constantly 
dispermic. Very few are polyspermic so far as can be ascertained by the 
mode of cleavage. The dispermic eggs never go further than to the close 
of cleavage. The normally impregnated eggs go through the cleavage 
stages in a perfectly normal fashion. This is true both for the form and the 
rhythm of cleavage. In the following table is given a comparison of a lot 
of hybrid eggs with a lot of normals. The eggs were taken from the same 
female, fertilized at the same moment and kept under similar conditions. 
The observations were made at the same time on both lots of eggs and the 
stage at which each was found was recorded as accurately as possible. 
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TABLE 1. 
TIME OF OBSERVATION. Funp. X Funp. Founp. X Men. 
9.10 Pp. m.., June 26.! In 2 cells. | In 2 cells. 
9.40 Pp. m., June 26. Beginning 4 cells. | Beginning 4 cells. 
10.00 Pp. M., June 26. Completion 4 cells. Completion 4 cells. 
10.15 p. M., June 26. | Beginning § cells. | Beginning § cells. 
10.20 Pp. M., June 26. | Well begun on 8 cells. Well begun on 8 cells. 
10.30 p. m., June 26. | In8 cells. In 8 cells. 
11.00 p. M., June 26. Beginning 16 cells. | Beginning 16 cells. 
9.00 a. M., June 27. Well along in segmentation. | Well along in segmentation. 
9.00 Pp. m., June 27. Well begun on gastrulation. | First trace of gastrulation. 
9.00 a. M., June 28. 2+ over the yolk. | 3 or less over the yolk. 
3.00 Pp. M., June 28. Blastopore closed. 2 over the yolk. 
5.30 Pp. M., June 28. Blastopore closed, the embryo | Blastoporeclosing ornearly losed; 
long and narrow. | embryo much shorter than nor- 
mal. 
9.00 a. M., June 29. Embryo with optic vesicle. Blastopore closed, embryo short, 
no optic vesicle; apparently 
dead. 


"Pegs fertilized at 7 p. m., June 26. 


From this table it will be seen that the hybrids fall behind the nor- 
mals in their development. This becomes apparent only in the later stages. 
In the latter stages considerable irregularity in the rate of development 
obtains. Usuaily in a lot of eggs most of which have the blastopore just 
Closed, some eggs may be found that have just entered upon the gerim-ring 
stuge. Others may be variously further along. The number of such tardy 
eggs is usually small. These eggs may stop their development at various 
stages with consequent shortened embryos and incomplete blastopore closure. 
In this aberted condition they may live for days, forming pigment both in 
the embryo and in the yolk. This mass of cells may even develop a heart 
and ear vesicles. The heart beats for days without, however, handling any 
blood. From such condition to one where the embryo seems at first to be 
practically normal there are all stages. The great majority of the embryos 
die at a condition where the blastopore is closed, the embryo is laid down, 
though somewhat short, with pigment developed but no heart, eyes, ete. 

Some of the embryos, under favorable conditions, develop considerably 
further. In the more successful cf these the yolk becomes highly pigmented 
with both kinds of chromatophores. The same is true of the embryo. There 
is an attempt at pattern formation, showing bilateral symmetry but lacking 
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any marked uniformity in the different embryos. A small proportion of the 
enibryos may show only the reddish-brown pigment cells with complete ab- 
sence of melanaphores. Such embryos are of a strikingly brilliant reddish- 
brown color. ‘The black pigment may be deposited in the eyes, however. 
The body of the embryo becomes considerably elongated, though never as 
long as the normals. The muscle segments are well developed; the vacu- 
olated notocord can be seen and the indications of the vertebral spines can 
in some cases be made out from a surface view. I have not seen the dorsal 
and caudal fin-folds developed, except in a very rudimentary way; the pec- 
torals, on the other hand, may be present, and in some embryos are larger 
than normal. The eyes are at first normally formed, showing as normal 
optic cups and a well developed lens, and having the normal size. Pigment 
begins to be deposited much as in the normal, but does not become as abun- 
dant. The eye does not keep pace. however, with the normals, so that it 
finally becomes too small, too slightly pigmented and often lying too low 
as well as too far forward. The ear vesicle may become very large, appear- 
ing as a prominent bulb on either side. The otoliths can be plainly seen. 
I have seen no indication ef «a mouth. The brain vesicles form in the 
earlier stage of the development of these hybrids. Later the brain shows 
cavities varying in size and regularity, but quite different from the normals. 
The peri-cardial cavity usually becomes quite large with a volume one- 
fourth or one-third the size of the whole yolk sphere. The heart becomes 
often much drawn out. In other cases it is relatively short and may show 
regions of differentiation. This pulsates vigorously, the wave going in the 
proper direction. I obtained a single embryo that succeeded in establishing 
a circulation so that blood was handled by the heart and circulated through 
the embryo and over the yolk. This circulation lasted for three days, when 
the vessels became clogged. ‘The heart continued, however, to beat without 
moving any blood. The usual condifion is to have no circulation established. 
Isolated regions on the yolk show capillaries with colored contents, but no 
movement of the latter obtains. In the embryo, likewise. lakelets of blood 
form. a favorite place being in the median ventral part of the tail just 
posterior to the yolk. I have kept embryos alive for twenty-nine days. 
The yolk may become reduced to one-half or more in amount. The embryo 
will not hatch. 
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Medinia notata, female, 


x 


Fundulus heteroclitus, male. 
The reciprocal of the preceding cross was made four times. The per- 
centage of impregnation does not seem to run as high as in the reciprocal 


cross. Thus: 


Experiment 23b EAN A aeeeicae ats atl eA eLAC ell ts 
Fe Da Aan Rete ee ee tll pericent: 
Fy 130) Stearns ; ....88 per cent. 


ments 23b and 27 have no significance. The experiments show that under 
favorable conditions a very high per cent. of impregnation is possible—a 
condition probably varying but little from the normal. 

The condition of dispermy present to such a large extent in the recip- 
rocals does not obtain in this cross. 

The rate of development during the earlier stages was the same 
as that of the normal. ‘lhe process. however, showed a slowing during the 
later cleavage stages, as was shown by the normals pretty generally entering 
upon the germ-ring stage, earlier than the hybrids. Inspection of Table 2. 
in which the stages of the normals and hybrids are placed in parallet col- 
umns, will show that from this point the developmental processes were 
considerably slowed. Thus, when the blastopore is closed, and the eyes are 
present in the normals at + p. m. 6/15, the hybrids have reached only the 


stage where the embryo has crept 4 to % over the yolk. 


TABLE 2. 


MENIDIA NOTABA MENIDIA NOTATA 
TIME. x < 
MENIDIA NOTATA. FUNDULUS HETEROCLITUS. 
6.05 p. M., June 12. Fertilization. Fertilization. 
7.35 Pp. M., June 12. Begin. 2 cells. Begin. 2 cells. 
7.35 Pp. M., June 12. | Close of 2 cells. Close of 2 cells. 
8.50 Pp. M., June 12. Begin. 4 cells. Begin. 4 cells. 
9.15 Pp. m., June 12. Close of 4 cells. Close of 4 cells. 
9.26 p. M., June 12. Begin. 8 cells. Begin. 8 cells. 
10.08 p. m., June 12. Close 8 cells. Close 8 cells. 
10.20 Pp. M., June 12. Close 16 cells. Close 16 cells. 
10.35 p .m., June 12. Close 16 cells. Close 16 cells. 
11.05 Pp. M., June 12. Close 32 cells. Close 32 cells. 
5.55 A. M., June 13. Early cleavage. | Early cleavage. 
9.00 Pp. M., June 13. Germ ring. | Late cleavage and germ ring. 
9.00 a.m., June 14. | Germ ring to } over yolk. Early gastrula. 
1.30 ep. M., June 14. Begin. gastrula to close of blasto- | Early gastrula to 3 over yolk. 
pore. 
4.00 p. M., June 15. Blastopore closed and eyes present. 3 to 3 over yolk. 
2.00 p. M., June 17. Emb. incompletely formed, optic 
ves. showing. 
2.00 Pp. M., June 18. No further along. 
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The development during the cleavage stages, similar to the reciprocal 
eross, proceeds normally. It is only in the subsequent stages that the 
effect of hybridization manifests itself. This shows itself for one thing in 
the great irregularity of the stages at a given moment. At a time when 
some of the eggs have proceeded as far as they will go, the greater number 
of the eggs are in all stages, back to the close of cleavage. This is much 
more marked than in the reciprocals. It is possible, however, that this 
is a function of the egg. since even the normals show a considerably greater 
number of stragglers than do the normal Fundulus eggs. The eggs of 
this species are evidently less hardy and thus may lend themselves less 
perfectly to the methods used in rearing them. When development finally 
ceases the embryos are, for the most part, nearing the closure of the blasto- 
pore, the more successful ones showing an embryo with the optic vesicles, 
but with the body shorter than the normals. The conditions are not essen- 
tially different from that described for the reciprocals, except that, as a 
whole, the development gives out at a somewhat earlier period. This, as 
already indicated, is possibly due to the less hardy condition of the Menidia 
egg. 


Fundulus heteroclitus, female, 
x 
Menidia gracilis, male. 
Menidia gracilis is distinguished with difficulty from Menidia notata, 
except in its smaller size. Three experiments were made with this cross. 
The percentage of eggs impreguated was as follows: 
Ezperiment 119 


5 501... 
PON iste aw ret ke are Axe ay .....81 per cent. 


In experiment 501 the wet method was employed whick probably is re- 
sponsible fer the low percentage. The controls with normal Fundulus eggs 
showed a correspondingly low per cent. of impregnation. 

The number of dispermic and pelyspermic eggs was considerably less 
than in the cross with Menidia notata. In experiment 503 the per cent. was 
thirteen, about two-thirds of which were disperimic. 

The rate of development and the stage at which it stops is similar to 
that of the cross with Menidia notata. As a whole the number of eggs that 
suecessfully effect the closure of the blastopore is greater and the embryos 


yary considerably less in their lengths, approaching more nearly to the nor- 
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mals. The rudiments of the eye are present. The reciprocal of this cross 
was not attempted. 

In this cross many of the eggs stop their development at the closure of 
the blastophore with the main axis of the embryo laid down. Many of the 
eggs continue their development to a varying degree and with varying nor- 
mality. None of them, however, are developed in a perfectly normal man- 
ner. Among these embryos which live for a week or ten days, the most 
grotesque features appear. The yolk and embryo become pigmented, often 
very heavily, though not normally. On the yolk the pigment cells may be 
quite large, or quite finely branched, and they are likely to congregate in 
certain places, instead of having a distribution such as is found on the 
normal embryo. A favorite place for such congregation is on the surface 
between the very large pericardial cavity and the yolk where the pigment 
cells may densely cover the area. In the embryo the distribution of the pig- 
ment may be more or less regular. Thus along the dorsal side two rows 
may appear in the anterior portion, one on either side, these converging into 
a single median band running well out towards the posterior end. Both 
kinds of pigment cells, red and black, are well represented. 

The heart is always developed in these embryos and usually pulsates 
quite vigorously. The excessive development of the pericardial cavity which 
usually appears as a large clear vesicle—sometimes one-third the size of 
the yolk—has the effect of stretching the heart out to a great length. As a 
consequence a curious series of modifications obtain in the different embryos, 
from a relatively normal heart, although always more or less elongated, to 
strikingly aberrant conditions, in which the pulsating portion of the heart 
has become associated with the yolk bordering on the lower portion of the 
large pericardial cavity, and is a mere mass of cells without apparent 
structure, and connected with the upper border of the pericardial cavity 
near the embryo, by an extremely slender protoplasmic thread. No lumen 
can be detected in either portion and the only eftect of the rythmical and 
vigorous pulsations of the lower yolk portion is to stretch this filament, and 
pull the yolk upwards so that the latter rocks continually. The usual thing 
is for the heart to develop a cavity in the interior and the peristaltic pulsa- 
tions pass in the right direction. i. e., toward the embryo. Out of hundreds 
of such hearts, many of them relatively normal, which I have examined, 
I have never seen one carrying blood, certainly not blood containing red 


corpuscles. In regard to the rest of the circulatory system there is very 
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little to say since it fails to develop. I have never seen any indication of 
bloodvessels, either in the embryo or in the yolk so far as these could be 
made out by circlulating blood. There is now and then an embryo that 
shows what seems. from surface view, a little lakelet of blood. No corpus- 
cles, however, can be seen, and I think they are only accumulations of a 
pigment of scme sort. Nevertheless a considerable portion of the yolk sub- 
stance is absorbed. This is transferred to the embryo by probably the same 
method as is employed prior to the development of the vascular system. 

The body of the embryo is always much too short and appears heavy. 
The tail may develop to a considerable length, and in the more successful 
individuals may show the caudal fin-folds with fine radiations. The body 
lacks regularity of form and outline. Muscle segments develop, plainly 
marked off by the brown pigment deposits along their borders. The muscle 
segments are active, shown by the frequent movements of the tail. 

The eyes may be developed to varying degrees, or in many embryos 
there is no indication of an eye. A quite Common condition is the appear- 
ance of only a single eye. Some of the embryos show an accumulation of 
pigment cells either in two patches or one, which because of their location 
and the fact that they are in rather well-circumscribed patches, probably 
represent the eye. Two eyes are formed in many. These are always located 
far forward, so that they seem set into the anterior surface of the head. 
These may be quite large, well pigmented and showing a lens, or they may 
be smaller, varying to a condition where merely two small pigment areas 
are located on the very extreme anterior tip of the pointed head. 

The ear vesicle is usually formed. In the place where the vesicle should 
be there is commonly formed, in the older embryos, an enlarged vesicular 
structure. This. in some cases, is beyond doubt the enlarged ear vesicle. 

The embryos gradually die, but the better formed ones have lived for me 


for ten days after the normals had hatched. 


Fundulus heteroclitus, female, 
x 
Tautogolabrus adspersus, male. 
This cross was made five times. The percentage of impregnation may 


be almost normal, as shown in experiment 36 in the following table: 


Experiment 28b...... APO noe ee 65 per cent. 
~ 34b.... eas oe pa i (alate 
a [ng SAPs Sle 8 ee ie) I tO ale ads 
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Practically all of the eggs were normally impregnated, a very few of 
the eggs fell directly into four and six cells. ‘The rate of development was 
the same as the normals, until the later stages, when the hybrids fell 
behind, as shown in Table 8. The table would indicate that the hybrids 
were a little slower in their cleavage, but this is so slight that no value 
can be placed on it, considering the difficulty in telling exactly the moment 
when a new set of furrows begin. 

Many of the eggs go far enough to form the embryonic ring and the 
embryonic shield. The protoplasm continues to spread over the yolk until 
it is encompassed about two-thirds the way, or nearly closed. The embryo, 
however, does not form in the shield as it should. I have seen many eggs 
forming the germ ring and embryonic shieid perfectly. The protoplasm 
continues to grow over the yolk. but the embryo fails to develop perfectly. 
It is usually much too short and often with the blastopore about closed, 
there has failed to develop any embryo at all in the shield, the latter re- 


maining a mere mass of cells. 


TABLE 3. 
ie | FUNDULUS FUuNDULUS 
| x x 
FUNDULUS. | TAUTOGLABRUB. 
| 

Fertilization. 9.30 A. M., July 4, 9.30 a. M., July 4. 
Begin. 2 cells. iit aley i leary 

Compl. 2 cells. 11.35 11,35 

Begin. 4 cells. 11.50 11.46 

Comp. 4 cells. | 12.20 12.10 

Begin. 8 cells. 12.25 12-15 

Compl. 8 cells. 12.45 12.40 

Begin. 16 cells. 12.50 12.45 

Late segment 12.30 P. M., July 5. 12.30 Pp. M., July 5. 
Vs over yoke. 12.00 m. July 6. 12.00 M., July 6. 
Blast. closed. 12.00 m. July 7. | Had stopped in previous stage. 

No embryo differentiated. 


Tautogolabrus adspersus, female. 
x 
Fundulus heteroclitus, male. 
This cross was attempted but once and the development followed to the 
16-cell stage. Sixteen per cent. of the eggs were impregnated. The rate of 
development compared with the normals is given in the table below: 
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TABLE 4. 
TAUTOGLABRUS TAUTOGLABRUS 
TIME. 4 x 
| TAUTOGLABRUS. | FuNnpDULwts. 

9.30 ep. M., July 4. Fertilized. Fertilized. 

10.30 p. m., July 4. Two cells. | Two cells. 

10.45 p. M., July 4. Begin. 4 cells. | Close of 2 cells. 

10.50 p. M., July 4. | Well along in 4 cells. | Begin. 4 cells. 

11.00 vp. m., July 4. | Close of 4 cells. | Well along in 4 cells. 
11.10 Pp. M., July 4 | Well begun on 8 cells. Close of 4 cells. 

11.15 p. M., July 4. Well along in 8 cells. | Begin. 8 cells. 

11.30 p. M., July 4. Begin. 16 cells. | Close of 8 cells. 
11.55 p. M., July 4 | 16-+cells. 16+ cells. 


Fundulus heteroclitus, female, 
x 
Tautoga onitis, nrale. 
The percentage of eggs fertilized in the three experiments made was as 


follows: 


Experiment 104 ‘ .66 per cent. 
“ 108 40" 
e 506 ares ad ih 


It is not probable that with perfectly fresh milt the percentage would 
be higher. I have observed, the sex products of both sexes in this species 
materially deteriorate upon confinement of the fish, even for a short time. 
In experiment 506 good eggs were used and perfectly fresh milt in abun- 
dance was used. Practically all of the fertilized eggs are normally impreg- 
nated. In experiment 506 every impregnated egg was normal. 

The development proceeds in the same manner as in the cross between 
Fundulus and Tautoglabrus. Most of the eggs form a definite embryonic 
rim and an apparently normal embryonic shield, but even though they 
may go to the closure of the blastopore, the embryo is always much too 
short, never exceeding one-half the normal length. They are mostly shorter 
than this, a mere thickened mass of cells developed in the embryonic shield. 
In some cases the blastopore is practically closed, surrounded by a broad 


embryonic rim with the embryonic shield devoid of any embryo, 


— —— 
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Fundulus heteroclitus, female, 


x 


Gasterosteus bispinosus, male. 
The percentage of eggs impregnated may be nearly normal, thus: 


Hixperimient, :26deesee esiese se wenn eee 86 per cent. 
a LOS GER ee aN ae eet eae LS s ste 


A very few of the eggs may be polyspermic. The details of the de- 
velopment of the hybrid and the normals occur in the table following. It 
will be noticed that the developmental processes keep apace until the close 
of cleavage. During the formation of the embryo the hybrids fall percep- 
tibly behind. Most of the eggs go to the closure of the blastopore, although 
this is accomplished in many eggs only imperfectly. The embryos are 
largely shorter than the normals. The details of development are item- 
ized in Table 5. 


TABLE 5. 
i. REG er Cee 2 Sg 
TIMe. | Funputus X Funputus. | FUNDULUS X GASTEROSTEUS. 
| 
2.40 p. M., June 30. | Fertilization. Fertilization. 
5.00 Pp. M., June 30. Well along in 2 cells. | Well along in 2 cells. 
5.12 p. m., June 30. Begin. 4 cells. Begin. 4 cells. 
5.57 Pp. M., June 30. Still in 4 cells. Begin. 8 cells. 
6.03 p. M., June 30. | Just begin. 8 cells. Mostly well along in 8 cells. 
6.05 p. M., June 30. _ Mostly well along in 8 cells. Well along in 8 cells. 
11.00 a.., July 1. | Toward close of segmentation. || Toward close of segmentation. 
12.30 rp. m. July 1., | Late segmentation. Late segmentation. 
1.30 Pp. m., July 1. Begin. gastrulation. Begin. gastrulation. 
9.00 p. M., July 1. | 4 over yolk. 1 over yolk. 
11,00 a. M., July 2. | 2 + over yolk. | Mostly } + over yolk. 
12.00 o., July 4. | Embryos formed, brain vesicles, | Embryos formed but no indica- 
| ete. | tion of brain vesicles, ete. 
12.00 m., July 7. | Eyes formed; tall. About same as in previous stage. 


Gasterosteus bispinosus, female, 
x 
Fundulus heteroclitus, mate. 

This cross was made three times, and in one case all the eggs were 
impregnated. There is the same high mortality usual during gastrulation 
in these hybrids. Those eggs that laid down the embryo showed the latter 
very much shortened and the head end very much thickened, many of the 
embryos appearing to be only head, Rudimentary eyes may form. Details 
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of the development rate, etc., in the normals and hybrids are included in 
Table 6. 


TABLE 6. 
TIME. | GASTEROSTEUS X GASTEROSTEUS. GASTEROSTEUS X FUNDULUsS. 
| 
——————_—_ + ——_——. — 
| 
1.05 p. M., June 4. | Fertilization. | Fertilization. 
4.00 p. M., June 4. | Two cells. _ Two cells. 
4.30 p. M., June 4. In 4 cells. | In 4 cells. 
4.45 p. M., June 4. Tn 4 cells. In 4 cells. 
4.55 Pp. M., June 4. | Begun on 8 cells. Begun on 8 cells. 
5.15 p. M., June 4. | Close of 8 cells. | Close of 8 cells. 
5.25 p. M., June 4. Begin. 16 cells. | Begin. 16 cells. 
6.05 p. M., June 4. In 32 cells. | In 32 cells. 
9.15 a. M., June 5. Late segmentation. Disk begin. | Late segmentation. Disk less 
to spread. . spread than in normals. 

11.40 a. m., June 5. Germ ring well formed. No indication of germ ring. 
2.00 p. m., June 5. Germ ring and embryonic shield. | No indication of germ ring. 
7.00 p. m., June 5. | 3 over yolk. | Germ ring and shield well de- 

| veloped. 
6.30 a. M., July 6. Blastopore closed. Embryo | 4 to 3 over yolk. 
formed. 

8.00 a. m., June 7. Embryo developed with eyes, | } overto closure of blast. Embryo 


brain, ete. | short and completely formed. 
! 


Fundulus heteroctitus, female, 


xX 


Stenostonmus chrysops, male. 
In this cross there is always a fairly large proportion of the eggs 


fertilized. The per cents in four experiments were as follows: 


Experiments 103b Soe spk Vesa ee UIDeR CON ts 
* LUG) eine vars toes 5 ice See ete vs 
NAS res ae sigh adn oe ee At. Pa 
+ GS iv adage ork Rees esrteta a ets air Che ee 


There is usually a considerable proportion di- and poly-spermic. This 
amounted to 18 per cent. and 20 per cent. in two experiments in which the 
count was made. The eggs would develop to the closure of the blastopore 
with the embryo teo short though considerably better formed than in the 
cross Fundulus heteroclitus and Tautogolabrus adspersus. The embryo in 
some cases may be two-thirds normal length, with the blastopore remaining 
a rather large oval or slit. Quite a variety of conditions in blastopore 
closure obtain here, but do not merit detailed description. The relative rate 
of development for the normals and hybrids is detailed in Table 7. 
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TABLE 7. 
eae = tiene ET pie 
TIME. | FunpuLus X FUNDULUS. FUuNDuLus X STEPNOSTOMUS. 
} 
| 
| 
10.50 a. M., July 11. | Fertilization. Fertilization. 
11.37 a. M., July 11. Begin. 2 cells. Begin. 2 cells. 
11.55 a. M., July 11. | Compl. 2 cells. Compl. 2 cells. 
12.05 p. M., July 11. Begin. 4 cells. Begin. 4 cells. 
12.35 p. M., July 11. Compl. 4 cells. Compl. 4 cells. 
12.40 p. M., July 11. Begin. 8 cells. Begin. 8 cells. 
1.00 p. m., July 11. Compl. 8 cells. Compl. 8 cells. 
1.05 Pp. M., July 11. Begin. 16 cells. Begin. 16 cells. 
11.00 vp. M., July 12. Late cleavage. Late cleavage. 
1.25 p. M., July 12. Well developed germ ring and | Some begin. of germ ring. 
shield 4 over. 
3.30 p. M., July 12. ; over yolk. 4 over yolk. 
7.20 Pp. M., July 12. 2 over yolk. 3 over yolk. 
8.00 a. M., July 13. Blast. closed. Most nearly closed. Embryos 
too short. 
1.00 Pp. M., July 13. No further along. 


Fundulus heteroclitus, female, 


x 
Hupomotis gibbosus, male. 

This cross was attempted six times, only three of which were success- 
ful. The number of eggs impregnated each time was very small. I do 
not think this was due to the condition of the milt, because an abundance of 
apparently good milt was used. The dry method was used and the eggs 
kept in fresh water. P 


Experiment 7.. : _. Less than 1 per cent. 
ai SMAI ET RRR SENS Sc acne ee Avy waht oes 


Maes cass yeeepevsieer ten veierers) = 5. Rr oi dees 


“ ‘ 
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The eggs were followed to about one-third to one-half over the yolk 
when they stopped development. An embryonic ring and shield were deyel- 
oped, but the protoplasm did not look normal even in earlier stages of gas- 
trulation showing a relatively opaque appearance compared with normal 
eggs. 

The reciprocal of this cross was not attempted owing to a failure to get 


ripe eggs of the sunfish. 
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Fundulus heteroclitus, female. 
x 
Pundulus digp.anus, male. 

Fundulus diaphanus was obtained from a fresh water lake, and was 
crossed many times in both directions with Fundulus heteroclitus. In the 
present cross I was never able to get a higher degree of impregnation than _ 
80 per cent. Often I failed altogether and usually there was only an occa- 
sional fertilized egg—less than 1 per cent. This may have been due partly 
to the difficulty of getting enough good milt. In one instance I found about 
one-half of the eggs polyspermic. The eggs develop along in a normal 
fashion, going somewhat slower in the later stages, and hatch. I have 
reared some of the embryos for two weeks and they seemed perfectly 
active and otherwise normal. The eggs were reared in both fresh and sea 
water. 

Fundulus diaphanus, female, 


x 


Fundulus heic: cclitus, male. 
When Fundulus diaphanus is used as the female nearly all of the eggs 


may be impregnated. Thus: 


EPOTIENe, (GD. i/v.aulehestteae ts vn > Nearly 100 per cent. 
xs Ln ace cy erent . Gane: aes 
“ AGH ses sire riite era rea ie Ge ee 


The eggs are practically all normally fertilized and hatched. These L 


have reared for twenty-two days after hatching. 


Fundulus heteroclitus, female, 


x 


Cynoscion regalis, male, 


The eggs of Fundulus are fertilized as perfectly with the sperm of the 
Squetegue as with its own milt. ‘Thus: 


Bisperiment BiG bo caksees ox Se andsene eee. ...92 per cent. 
“ 15 See oe : Ss ; Ro ata 


Only about 2 per cent. of the eggs are polyspermic. A tabulated outline 


of the development compared with the normal is as follows: 
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TABLE 8. 
LES PTS Ee PE 
TIME. FunpuLus X FUuNbDULUS. FunDULUS X SQUETE:UR. 
3.40 ep. M., July 17. Fertilization. | Fertilization. 
5.50 P. M., July 17. | 2 cells. 2 cells. 
6.35 Pp. M., July 17. | 4 cells. 4 cells. 
7.25 ep. M., July 17. | 8 cells. 8 cells. 
7.45 ep. M., July 17. | Begin. 16 cells. Begin. 16 cells. 
8.10 a. M., July 18. Late cleavage. Late cleavage. 
12.20 ep. m., July 18. Begin. germ ring. | Begin. germ ring. 
7.00 Pp. M., July 18. 3 over yolk. | Germ ring; } to $ over. 
8.15 a. M., July 19. Blast. closed; optic vesicles | Blast. closed; optic vesicles poorly 
plainly formed. formed notocord; scmites. Be- 
hind normals. 
2.15 Pp. M., July 19. Optic vesicles and lens; brown | Optic vesicles showing; behind 
parts showing. normals. 
Hatched. No further along. 
| 


The embryos mey continue their development to a stage where the eyes, 
heart, ear vesicles, tail, etc., are more or less well formed. At this stage 
they remain alive until about the time that the normals hatch. 

None of the embryos are formed even approximately normal. The indi- 
vidual differences are so great that a description of different forms would 
be of no avail. A brief description of one of the poorer embryos is as 
follows: The embryo may form a mere mass of cells so far as external 
appearances go. This embryo becomes pigmented with many pigment cells 
which are highly branched. It is bilaterally symmetrical in form, but the 
distribution of the pigment cells only slightly indicates this. In this em- 
bryo there was no definitely differentiated heart, but beneath and about one- 
third the distance back from the anterior end, a mass of cells could be seen 
regularly pulsating. Just above the heart-mass a vesicle occurred which 
I take to be the ear. There was no indication of a tail. I repeatedly ob- 
served the embryo bend itself from side to side so that there were prob- 
ably muscle tissues formed on both sides. This particular embryo died nine 
days after fertilization. 

One of the best formed embryos may now be described. Two eyes are 
tormed, although much too small, pocrly pigmented, without a lens and set 
into the anterior surface. Extending out on either side is a large vesicle 
which is probably an hypertrophied ear vesicle. A pretty well developed 


[24—26988] 
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tail is shown. Notocord and muscles are developed. A long tubular heart 
extends across the rather large pericardial sac. The body shows many 
finely divided pigment cells. These show, in general, a bilateral distribution. 
IXven this embryo is considerably too short. The contractions of the body 
are vigorous and frequent. The heart beats considerably slower than the 
normal. This embryo lived until the normals had hatched. 

The development of eyes, as in the preceding embryo, is uncommon. 
There are often pigmented areas which are probably the representatives of 
this organ, but no definite vesicles or cups. In many of the embryos the 
anterior end is occupied by enlarged vesicles which is more or less heavily 
pigmented. 

All the embryos are too short, many of them mere short masses of cells 
without any caudal elongation at all. They are all highly pigmented, the 
prevailing color being a reddish-brown. These cells are as a rule very finely 
divided. ‘The dark pigment cells are relatively few in number and are, 
as a whole, much less finely branched. I have never been able to see any 
bloodvessels that were carrying blood. In a few instances irregular lakelets, 
reddish in color, appeared, but I have been unable to detect any corpuscles 
in them. 

In addition to the above crosses it seems worth while to include the 
other crosses effected. To these much less attention was given so that in a 


description of them cnly such points as seem relevant will be given. 


Crosses with Gasterosteus bispinosus. 


Besides the crosses already described between Gasterosteus bispinosus 


and Fundulus heteroclitus, the following were attempted: 


Gasterostcus bispinosus, female, 


x 
Apeltes quadracus, male. 

In the single attempt to make this cross, only 17 per cent. of the eggs 
were impregnated. The eggs from a single female were used. It is probable 
that further attempts with more favorable females would yield a greater 
per cent. of impregnation. The fertilized eggs were normally impregnated. 
After the cleavage stages the hybrids fell behind the normals so that while 
the latter had closed the blastopore, the hybrids had encompassed the yolk 
about three-fourths of the way. Seven embryos were hatched and were in 
an apparently normal condition. These were kept alive for four days. 
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A smaller proportion of the embryos failed to emerge from the membranes. 
These were helped out but showed the coiled tail so common among fish 
embryos that seem to have thrived poorly. The hybrids, however, appeared 
less healthy than a lot of normals that were fertilized at the same time, 
and kept under the same conditions. These mostly lived three and four 
days longer. As far as can be judged from this single experiment, it is 
doubtful whether many of these hybrids, even with the care and proper con- 


ditions supplied, could be successfully reared. 


Apeltes quadracus, female, 
x 
Gasterosteus bispinosus, male. 
wo tests were made. In one of them 18 per cent. of the eggs were 
impregnated. The embryos showed the usual slowing in the rate of de- 
velopment after close of cleavage. The development went to the stage of 
hatching, two emerging but showing little vigor. They died after the sec- 
ond day of emergence. The embryos that failed to emerge, for the most 
part lived as long as the two which had hatched. The success of this cross 


is probably the same as that of the reciprocal. 


Gasterosteus bispinosus, female, 
<< 
Menidia notata, male. 

The eggs of this stickleback are practically all impregnated when placed 
with Menidia sperm. In the two experiments tried, 100 per cent. and 70 
per cent. were fertilized. A small per cent. of these are polyspermic. The 
development keeps well apace with the normals until toward the closure 
of the blastopore. The embryo is laid down, the eyes are formed, but the 
anterior region of body is quite heavy. Pigment forms and the heart is de- 
veloped. I have never seen fins form in these hybrids. The embryos soon 
die, owing possibly to the fact that the eggs even normally do not do well 


in a fingerbowl of water. 


Menidia notata, female, 


x 


Gasterosteus bispinosus, male. 


This cross was made but once. All of the eggs were fertilized. The 
development was followed to the closure of the blastopore. ‘hey doubtless 
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developed further since my notes, at this stage, show them to be in a good 
condition. , 
Gasterostcus bispinosus, female, 
x 
Menidia gracilis, male. 

In two of the three experiments made with this cross, practically 100. 
per cent. of the eggs were normally impregnated. The eggs develop at the 
sume rate as the normals until the latter half of gastrulation, when the 
hybrids fall behind. Most of the eggs form embryos. These are short, with 
heavy anterior portion. The posterior one-half or one-third of embryo 
remains quite rudimentary. The anterior enlarged end develops eyes that in 
the earlier stages are apparently normal. The heart is formed and pul- 


sates. I have kept these embryos alive for five days. 


Gasterosteus bispinosus, female, 
x 
Tautoga onitis, male. 

Practically 100 per cent. of the eggs were normally fertilized in the 
single cross made. The eggs show the usual slowing in development at the 
close of segmentation. About 50 per cent. of the embryos died at a stage 
when gastrulation was from one-third to one-half completed. The remainder 
more or less completely closed the blastopore. The anterior portion of 
embryo is heavy. No eyes and heart were observed. The embryos died 


three days after closure of the blastopore. 


Gasterosteus bispinosus, female, 
* 
Tautoglabrus adspersus, male. 

Seventy-four per cent. in one experiment and practically 100 per cent. 
in the other were normally impregnated. The embryes developed more suc- 
cessfully than when Tautoga was used as the male. <A large per cent. of 
the eggs attempted to close the blastopore. The anterior end of embryo was 
large, eyes and heart were developed but not normally. The embryos lived’ 


for five days in this condition. 


Menidia notata, female, 
x 
Tautoga onitis, male. 
Eighty per cent. of all the eggs were normally fertilized. The embryos 
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were followed to the closure of the blastopore. The embryos were shorter 
than normals. 


Tautoga onitis, female, 
x 
Menidia notata, male. 

In this cross 60 per cent. of the eggs were impregnated. Some dispermy 
and polyspermy occurred. There was a heavy mortality at the germ ring 
stage and subsequently. The ring spread about two-thirds over the yolk 
in some of them, when owing probably to bad conditions, all died. 


Fundulus diaphanus, female, 
x 
Eupomotis gibbosus, wale. 
The cross between the fresh water Fundulus and Eupomotis is from the 
standpoint of impregnation, much more successful than when the egg of 
Tundulus heteroclitus is used. The percentage of eggs fertilized may be 


as high as 70 per cent. 


Bixperimentsl24 cas cence eocenioce .56 per cent. 
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I have always found a considerable number of imperfect eggs which 
accounts in a measure for the usual low per cent. of eggs fertilized. A par- 
ticularly large number occurred in Example 17a. A few of the eggs are 
polyspermie in each experiment, probably, however, not many more than in 
the normals, where there may be as many as 5 per cent. polyspermic. The 
development stops when the protoplasm has spread about one-half over 
the yolk. Embryonic ring and shield are formed, but very little evidence of 
embryonic differentiation being shown in the shield. The protoplasm looks 


granular and opaque instead of clear, as in the normals. 


Opsanus tain, female, 
x 
Fundulus heteroclitus, male. 
In the one experiment made, twenty-one out of thirty-seven eggs were 
found in the 2 and 4-celled stage eight hours and twenty-five minutes after 
fertilization. A few of the eggs were polyspermic, They were followed to 


later cleavage. 
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Opsanus tau, female, 
x 
Tautogolabrus adspersus, maie. 
One out of thirteen eggs was impregnated in the single experiment. 


The rate of cleavage was the same as in the above cross. 


Opsanus tau, female, 


x 


Menidia notata, male. 

Thirteen out of seventeen eggs were impregnated. None of the eggs 
were polyspermic. ‘The cleavage rate was the same as*the Opsanus X 
Fundulus cross listed above. 

The reciprocals of the above named three crosses with Opsanus tau eggs 
were attempted but without success. This was doubtless due to the unripe 
condition of the Upsanus tau milt, since I was also unsuccessful in obtaining 
normals. 

In addition to the crosses detailed above the following were also ef- 
fected (See Table 9) : 

Fundulus heteroclitus 2 > Apeltes quadracus -. 
Tautoga onitis 2 * Tautogolabrus adspersus <. 
Tautogolabrus adspersus 2 X Tautoga onitis <. 
Coregonus clupeiformis 2 > Argyrosumus artedi -. 
Argyrosomus artedi 2 & Coregonus clupeiformis 7. 
Cristivomer namaycush 2  Salvelinus fontinalis -. 
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SUMMARY OF EXPERIMENTS. 
INTRODUCTORY. . 


In the preceding detailed account of the various crosses effected are 
included combinations between forms of teleosts, ranging from closely re- 
lated species within the same genus to species belonging to widely separated 
orders. ‘Cheir relationships are summarized below, the figures set opposite 


each indicating the number of different combinations made in each group :' 


Between different species of same genus................ 2 
i si genera of same family............... 4 
ts a families of same order...............1 
He ad orders of same class................ 17 


A number of interesting facts appear from the above table and from a 
closer inspection of the more detailed Table 9. In all the crosses attempted 
with the exception of the cross in which Opsanus tau was used as the male. 
impregnation was possible. The sperm of the single Opsanus tau specimen 
used was not ripe in the three combinations attempted, so that it is impossi- 


ble to say whether these crosses are possible. 


CHARACTER OF IMPREGNATION. 

In many of the crosses the impregnation was wholly normal. In some 
there was in addition to the normally impregnated eggs, a varying number 
of dispermic and polyspermic impregnations. Among the abnormally im- 
pregnated eggs the dispermic was very much more common than the poly- 
spermic condition. In the dispermic eggs the protoplasmic disc, as is well 
known, falls at once into four cells. Sections of these conditions show that 
two male pronuclei fuse with the egg pronuclens ; whether additional spermi- 
tozoa enter such eggs, but remain functionless so far as early cleavage is 
concerned, IT am not able to say. In the polyspermic eggs the protoplasm 
falls at once into six or more cells. The cases Coming under my observa- 


tion in which many cells at once appeared, have been rather rare. 


PERCENTAGE OF FERTILIZATION. 

A striking fact is the large percentage of eggs impregnated. In fully 
two-thirds of the crosses this ran above 50 per cent., and in many of the 
cembinations it ran above 75 per cent. A glance at Table 9 will show that 


this is not in any way correlated with the nearness of relationship. 


1 This is represented in more detailed form in Table 9. 
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The low percentage of impregnation, on the other hand, must be re- 
garded in most cases, I feel sure, as due to unfavorable conditions of the 
milt, and in some cases to the unripe condition of the eggs. Males that 
have passed the height of their breeding season, or which may have been 
less able to endure the conditions of confinement in aquaria usually show a 
reduced fertilizing power compared to perfectly fresh and ripe individual. 
The testes were in all the experiments cut out, so that it is quite probable 
that in many cases imperfect milt was used. I was, furthermore, not able to 
establish any constant difference in the percentage of impregnations in re- 
ciprocals. Allowing for the influence of the condition of the milt in deter- 
mining the percentage of impregnation, in all cases where a fair trial was 
made in reciprocal crossing of two species it was approximately as high in 
one direction as the other. It is interesting to note here that Kammerer 
‘OT using fresh water fishes, found, :mong the few forms he used, two crosses, 
Perea fluviatilis x Acerina schraetser and Lucioperea sandra x Perea fiuvia- 
tilis, in which it was possible to impregnate when the first named in each 
case was the male, but not if female. It is also impossible to fertilize the 
eggs of Aspro zingel with the milt from the following nearly related forms: 
Perca fluviatilis, Lucioperca sandra and Acerina sp?, but was able to fer- 
tilize them with the milt from the distantly related form Cottus gobio. It 
would seem from these experiments that fresh water fishes lend themselves 
less generally to hybridization than the marine species. 

Kammerer’s statement that the eggs of Aspro zingel are fertile to the 
sperm of the distantly related form Cottus gobio when they were immune 
to the three nearly related forms above indicated, because Cottus had ia 
similar habitat, and had with this also acquired the power to fertilize this 
species is, of course, a mere fancy. If he had tried to cross this form with 
other distantly related forms he would probably have found that they, too, 


would fertilize the eggs regardless of their habitat relationship. 


DEVELOPMENT. 


In my study of the development of these yarious hybrids I have not 
attempted to get a complete morphological picture, nor have I paid much 
attention to the inheritance aspect. I have regarded development rather 
from a physiological standpoint. The main points of interest, therefore, 
have been, first, how generally and within what limits can the sex-products 
of the various forms of teleosts be grafted upon each other, so to speak, 
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and start development. Second, How far will development proceed in the 
various combinations, and in what respects are the processes normal and 
abnormal? 

In every combination effected the earlier phases of cleavage are passed 
through in a perfectly normal manner. The same is true of the later stages 
of cleavage excepting the rate of development. This will be further consid- 
ered below. From the late cleavage on, the history of the different hybrids 
becomes much more varied. In those hybrids resulting from species nearly 
related—belonging to the same genus or to closely allied genera—most of 
the embryos may complete their development to the point of hatching, or 
beyond. Even among these, however, a number variable but much greater 
than in normal embryos, may show abnormalities along the course of their 
development, such as occur more abundantly in the hybrids between more 
distantly related forms. Hybrids between species more distantly related 
than above indicated, so far as my experiments go, never complete their de- 
velopment to the point of hatching. The stage to which they will go depends 
again upon the nearness of their relationship. In the more successful of 
such distant crosses Fundulus-Menidia hybrids, many of the embryos may 
go far enough to form fairly well developed eyes, ear vesicles, tail, muscles, 
central neryous system, heart, color patern, fins, etc., but many of these 
structures in the later stages are variously abnormal. <A large proportion of 
all the embryos, however, fail to reach such advanced stage. From these 
hybrids we have almost every condition to such as obtains in the hybrids 
between Fundulus heteroclitus x Tautogolabrus adspersus, where none of 
the embryos go much beyond the closure of the blastopore, and where it is 
not possible to speak of the formation of organs. ‘The more characteristic 
and striking abnormalities appearing beyond the cleavage stage in these 
various hybrids muy be briefiy considered. 

In the last stages of cleavage and during the earlier phases of germ 
ring formation it is usually not possible to distinguish the hybrids from the 
yormals excepting in the stage of advancement. In some combinations, such 
as Fundulus heteroclitus x Tautogolabrus adspersus, etc., one can very com- 
monly see the formation of a rather large clear area under the blastodise 
Which is filled with a clear fluid. I have followed such eg xs and they do 
not bring their development to as advanced a stage as those eggs of the 
same lots that do not show this abnormality. ‘They may form a very good 
embryonic ring and shield and may overlap the yolk for a third of the way 
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and there die. In a few cases the vesicle was observed to be so large as to 
act as the yolk ball so that the protoplasm attempted to encompass it. 

Embryonic shield might form and even lay down the axis of the embryo. 
These, like the above, soon died. In all hybrid eggs, but particularly those 
obtained from distantly related species, the period of gastrulation is one of 
great mortality. The embryos usually enter upon the germ ring and shield 
stage rather normally and simultaneously, but from this period to the 
closure of the blastopore the greatest variation in stages obtains. In some 
of the less successful crosses most of the eggs never succeed in properly 
closing the blastopore, but come to a standstill so far as this process is con- 
cerned at various stages, and continue the rudimentary formation of an 
embryo in the embryonic shield. 

These aborted embryos may in some cases remain alive for days, devel- 
oping pigment, a rudimentary heart, pericardial cavity, etc. 

A very common defcrmity in the mcre successful embryos is the failure 
of the tail to bud out so that the embryos. very generally, are too short. <A 
striking instance of this fact appeared in the kybrids between Savelinus 
fontinalis, female, and Cristivomor namaycush, male. ‘This cross is quite 
successful, and the writer has succeeded in rearing 2,300 of them to finger- 
lings. Among this lot, a very large per cent. were deformed, and in every 
instance the deformity occurred in the region posterior to the anus. The 
portion anterior to the anus was normal in every way so far as proportions 
are concerned. The same is true of the caudal fin. But the region between 
this and the anus showed all degrees of shortening, the extremes appearing 
as if the caudal fin were directly set into the body of the fish. The anal fin 
was often wanting altogether, even in some that had the caudal peduncle 
otherwise normally developed.t. This process of the elongation of the caudal 
end of the embryo seems evidently a difficult one, giving rise to the common 
abnormalities in this region. In those crosses where a portion of the 
embryos succeed in laying down the fundamental organs such as the eyes. 
ears, brain, heart, muscles, ete., promise weil to carry their development to 
completion. In every instance, however, regardless of how normal the 
erganogenetic processes may at first be, they show a very clearly defined 
abortive influence in a short time. This begins to show itself shortly after 
the time when the circulation is established in the normal embryo. This 
fails to develop properly in all these hybrids that fail to complete their de- 


1A detailed description of these hybrids are reviewed in a separate paper. 
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yelopment. The heart usually differentiates and a pericardial cavity forms 
which commonly distends to enormous proportions. This has the effect of 
deforming the heart usually into a much elongated structure. The yolk and 
the embryo may in some instances differentiate blood vessels, but I have 
only in one instance observed either the heart or blocd vessels handling any 
blood. The result of this is that the embryo which may up to this period 
be quite normal in its developmental processes, has its food restricted to 
what may be directly absorbed from the yolk through other agents than the 
blood. That the embryo does thus obtain some food is evident from the 
progressive reduction of the yolk and the increased size, and the long con- 
tinued life of the embryo. 

The eyes in rare cases may be quite normal. From this condition all 
degrees of abnormalities obtain. The eyes are commonly too small, located 
too far forward and too low down. Often an eye is developed only on one 
side. The eye may be rudimentary to the extent of being only a large black 
pigmented area in the region of the forebrain. <A large proportion of the 
embryo develop no indication Gf an eye. 

The ear may develop as a vesicle which in some cases shows otoliths. 
Commonly this vesicle becomes niust distended, appearing as a prominent 
projection on either side. The ear less frequently appears than the eye. 

The central nervous system may be laid down, the brain even showing 
some of the primary divisions in the more successful embryos. 

The notocord is commonly present. The embryos may develop a varying 
number of somites, and quite commonly when these are present, some of 
the cells become contractile so that the whole embryo undergoes movements. 

The fins rarely appear, but in some instances the pectoral fins may be 
much larger than in the normal fish. 

If an embryo is Jaid down at all it rarely occurs that pigment does not 
develop, both on the yelk and in the body of the embryo. In some cases 
this may be quite heavily developed, showing accumulations of large and 
highly brauched chromatophores. In the better developed embryos a simple 
pattern may develop showing varying degrees of bilateral symmetry. 

The rate of development of the hybrid egg compared with that of the 
egg species. was noted in many instances. Comparative tables are given 
above in the detailed descriptions of the various hybrids. 

The earlier cleavage stages in every case was that of the species from 
which the egg was taken. This is true whether the rate of cleavage from the 
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sperm species is more rapid or slower than that of the egg species. Thus. 
reference to Table 3, where Fundulus heteroclitus was the egg species and 
Tautogolabrus adspersus was the male species, the rhythm of cleavage fol- 
lows exactly that of Fundulus, although that of Tautogolabrus is very much 
faster. The reciprocal shown in Table 4 shows that the rate again is that 
of the egg species—Tautogolabrus. This is true all the way through, but 
attention is called to the hybrids with Opsanus tau, where the cleavage 
rhythm is relatively so extremely slow. (Page 375. These facts are in 
accord with many observations made by others, especially Driesch (798) 


on Echinoderms. Newman (‘O8, °10) obtained the same results in his 


Fundulus heteroclitus 


Fundulus majalis hybrids. Fischel ((06), on the 
contrary, maintains that the influence of the sperm in some of the Echino- 
derm hybrids, makes itself felt even in the first cleavage. It is important 
to note, however, that such influence as he can detect is always to slow 
the development. This is what I find everywhere, as will appear further 
on, but I have not been able to detect it during the early cleavage stages. 
This slowing of the developmental processes is to be looked upon as patho- 
logical, a sort of incompatibility of the two germinal substances in such 
cases as it occurs. If it is permissible, as some authors do, to speak of the 
rhythm of cleavage as a character of the organism, then all my experiments 
most clearly show tbat the rate of earlier cleavage of the embryo is unin- 
fluenced by the sperm, and may be regarded as wholly determined by 
the egg. 

In later cleavage and all subsequent stages, the influence of the 
strange sperm becomes apparent in all the cases that I have carefully 
watched. It should be said here that hybrids between the nearly related 
species were not studied in this particular, but only those between the more 
distant forms. The influence of the strange sperm was in every case to 
retard development, usually to a marked degree, regardless of whether 
the developmental processes in the sperm species was much more rapid or 
slower than in the egg species. Thus Tautogolabrus adspersus takes only 
from twenty-four to thirty-six hours to hatch, while Fundulus heteroclitus 
takes from ten days to fourteen days, the hybrids, using Fundulus as the 
egg species, are slower in their development than Fundulus itself. The 
tendency, then, among fish hybrids obtained by combining distantly related 
species, is to develop slower after their earlier cleavage stages, than the 


ege species. It is, therefore, interesting to note Newman’s result where 
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he found a distinct acceleration in the later cleavage stages and subse- 
quently in the hybrids between Fundulus majalis, female x Fundulus 


heteroclitus, male. 


GENERAL CONSIDERATIONS AND THEORETICAL. 
SELECTIVE FERTILIZATION. 


In a general consideration of these experiments, perhaps the most 
striking fact that appears is the uniformity with which it is possible to 
cross-fertilize the various species of teleosts. The percentage of eggs fer- 
tilized is in practically all cases a high one—fifty per cent., and, in the 
majority of cases, seventy-five per cent. or over. When one reflects upon 
the reason for one’s astonishment at this, he finds it in the fact that we 
have all, those of us who ive given the matter any thought at all, allowed 
curselves to grow into the belief that there is a sert of specific affinity or 
adaptation existing between an egg and the spermatozodn of the same 
species. ‘This assumption may or may not be true. So far as the writer 
has been able to determine, there is extant no evidence that this is the 
case in the animal egg. A possible exception is to be found in the ex- 
periments of Dungern (01), who finds that in the eggs of the star- 
fish there is a substance which is poisonous toward the sperm of the se; 
urchin, but not vice versa. It is easy to see that under such conditions 
the spermatozoa of the starfish would be favored. 

On the other hand, we have experiments by Buller on all the groups 
of Echinoderms which seem to show that there exists no specific affinity, 
chemical or otherwise, between the egg and its own spermatozoon. 

The writer is elsewhere publishing a detailed account of his experi- 
ments on selective fertilization in fishes. It may be proper, however, to 
briefly call attention in this connection to a few of the results he obtained. 
First. The fact above stated, that among these fishes it is possible so 
uniformly to cross-fertilize the different species lends no support to the 
“specific adaptation” theory. Second, When a lot of Fundulus heteroclitus 
eggs are given a chance at a mixture of two sperm, one of which is their 
own and the other a strange species (Menidia, for instance), the eggs do 
not necessarily show any preference for their own sperm. In the case above 
mentioned, for instance, the great majority of the eggs prefer the Menidia 
sperm to their own. In other combinations the proportion is about equal. 


In still others the eggs may select more of their own sperm. The factor 
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seems not to be the relationship of the sperm, but its vitality and fertilizing 
power. Third, Experiments with various egg extracts and the like on the 
behavior of spermatozoa give no evidence of any attraction of an egg 
for its own sperm or any toxic influence upon the strange sperm. It 
seems, therefore, that in the case of these teleosts there is no evidence of 
any specific adaptation of the egg for its own spermatozoon. 

How can we account for these varying degrees of failure in develop- 
ment in these various hybrids? This question is as old as our knowledge 
of the common infertility of hybrids. Why should an animal or plant 
hybrid carry its development in a perfectly normal and healthy manner 
up to the final stage of sex product formation, and yet at this point so com- 
monly fail? To this question we have up to the present time no definite 


answer whatsoever. 


DEGREE OF DEVELOPMENT AND SYSTEMATIC RELATIONSHIP. 

In following the development of the various hybrids hereunder discussed 
there appears one period in the development to which we might ascribe 
the failure of development, more than any other: this is the defective devel- 
opment of the circulatory system. Development in most crosses proceeds 
often in a relatively normal manner up to the period of the differentiation 
of the heart, blood vessels and the blood. Im all the hybrids here consid- 
ered that succeed in forming a circulatory system at all may begin to de- 
yelop the heart more or less normally, so that it regularly and vigorously 
pulsates but fails to differentiate the blood and blood vessels. As a result 
the heart manipulates no normal blood and, as a consequence, the food ab- 
sorption of the embryo must occur through other channels than the blood. 
Following this period the embryos invariably begin to lag behind, the organs 
fail to properly differentiate, resulting in the stunted, sickly-looking, 
starved hybrid. It would seem that if it were possible in some way to 
help the hybrids to properly complete this system, development might be 
carried much further, perhaps up to the point of hatching. But in the 
case of some hybrids none of the embryos form a heart and a varying per- 
centage of all hybrids fail to develop the heart at all, even though the 
more successful ones complete development. Furthermore, it often happens 
that the circulatory system is apparently properly established and the de- 
velopment carried to the point of hatching, or even beyond, but they soon 
die. Thus while it is undoubtedly true that the establishment of the cir- 
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culation is a vital stage in the proper progressive development of the 
embryo and is followed in normal embryos by a period of rapid growth, the 
question still remains, why does the circulatory system fail to develop 
properly? Why do we have so many embryos stop their development before 
the period of heart formation, and why do we have so commonly failures 
to emerge from egg, or die shortly after, when in the latter the circulation, 
at least to all appearances, has been normal? If we consider the experi- 
ments tabulated in Table 9 from the view point of the correlation between 
the degree of development and the relationship of the species combined, 
we see at once that only those species that belong to the same genus, or to 
very closely related genera, will produce hybrids that develop to the point 
of hatching. Even within this group a difference in this respect can be 
observed between species very closely related, and species more distantly 
related. ‘Thus Fundulus heteroclitus combined in either direction with 
Fundulus diaphanus will produce a large proportion of free swimming em- 
bryos. These two species, although the former is a marine and the latter 
fresh water, are structurally very closely allied. Fundulus majalis is much 
less closely related to Fundulus heteroclitus, although belonging to the 
same genus. When the latter is taken as the female a large proportion of 
vigorous fry are obtained. ‘The reciprocal has never yielded me embryos 
that would emerge from the egg, although, with the exception of the yolk 
bag, normal in appearance. Then the species used belong to separate 
genera the proportion of embryos that emerge normally is, as a rule, much 
smaller than in the preceding condition. 

All species that are more removed from each other than closely related 
genera, fail to produce hybrid embryos that will complete development to 
the point of hatching. Among this latter group of hybrids the stage to 
which development is carried varies considerably in the different com- 
binations. This, too, can be roughly correlated with the relationship of the 
species combined, so that two species belonging to distantly related orders 
like Fundulus heteroclitus x Tautogolabrus adspersus give rise to hybrids 
that can net go much beyond the closure of the blastopore, while if the same 
form is crossed with its nearer relative, Menidia notata, development pro- 
ceeds very much further although stops far from the point of hatching. 
This will be further taken up below. 

We produce, then, among fishes a series of hybrids that range in 


success from those in which none of the embryos develop very much be- 
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yond the “blastopore” stage though intergradations to those in which the 
embryos hatch normally and grow into adults, probably fertile creatures, 
and this series is correlated with the systematic relationship existing be- 
tween the two species crossed. 

The work of Guyer (700) on the spermatogenesis of hybrid pigeons 
suggests that in the final formation of the sex products, difficulties arise 
in the synopsis of the male and female chromatim material, resulting in 
abnormal spermatozoa. Stated in more general terms in the final forma- 
tion of the sex cell the developmental and hereditary substances from the 
two parents, fail to work harmoniously, giving rise to abnormal develop- 
ment. It is conceivable that an analogous process takes place in those 
hybrids that are arrested much earlier in their development. Indeed, the 
prevailing habit of thinking of developmental and hereditary determinants 
in terms of units of some sort, suggests at once to our minds some such 
picture as above indicated. In two hearly related species the develop- 
mental mechanisms are so nearly alike that no serious conflicts, so to 
speak, arise except possibly in the very last stages, namely, the forma- 
tion of the sex cells. AS a result, the development may be completed or all 
but completed. When, however, two distinctly related species are combined 
we have to do with two developmental mechanisms that are more divergent, 
and the conflict develops early in the life of the organism with the con- 
sequent modification of development, varying with the relationship. It is 
difficult to find any appearances in my hybrids that specifically support 
this view. It would seem that at least occasionally there would appear 
specific modifications to the influence of the sperm over the egg species. 
Thus it should be expected that the mode and rate of cleavage, the time 
and method of gastrulation, ete., should vary in a manner to be in a 
measure at least due to the specific characteristics of the developmental 
mechanisms of the sperm species. But this is just what one does not 
find. The whole process of hybrid development presents the picture of 2 
pathological embryo, such as one sees when they are subjected to an un- 
favorable condition, such as foul water, insufficient oxygen, unnatural 
chemical media and the like. It is simply an arrest with subsequent 
gradual deterioration of the tissues. Thus the monocular condition is likely 
to result if the optic vesicles fail to form properly and the anterior brain- 
vesicle becoming pigmented in the cyclopian eye, or only one side develops 
the vesicle and becomes pigmented. The slender strangulated heart may 
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be accounted for by the abnormally large pericardial cavity which de- 
velops, across which it becomes stretched. The large pericardial cavity may 
be the result of the abnormal method of yolk absorption due to the failure 
of the blood vessels to differentiate. 

I have for three or four years looked upon these phenomena in my 
own hybrid experiments as a process akin to that which obtains in the 
transfusion of blood of strange species. The well known results of Lan- 
dois (75), Friedenthal (99) and others bring out the important faet that 
the hvemolytic power of the bloods of two species varies in intensity with 
the nearness of relationship of the species. In general two very closely 
related animals will permit the transfusion of their bloods with no or rela- 
tively slight hzmolytic action. As the forms become divergent in rela- 
tionship the toxic action becomes progressively greater. In a similar man- 
ner it has been shown that other tissues than blood act toxically. Among 
these are spermatozoa. The process in hybridization may be conceived 
something as follows: When the sperm brings its material into the strange 
egg in fertilization it brings with it the substance capable of poisoning the 
egg substance or vice versa. We may suppose that the toxic action does 
not manifest itself at once because of the relatively small proportion of the 
sperm substance compared to that of the egg. Consequently early cleavage 
stages are in all cases passed through in a normal manner. As, however, 
the nuclear material grows and becomes more generally distributed through 
the cytoplasmic mass as cleavage proceeds, the toxic action becomes mani- 
fest in the retardation of the cleavage and subsequent developmental pro- 
cesses. The intensity of the effect will vary with the degree of toxidity 
existing between the two species concerned. In the cases of fishes where 
cross fertilization is so generaluy possible it should be possible to get a 
measure of this in the faithfulness with which the embryo reproduces the 
normal developmental processes in the earlier stages, and the stage at 
which these become arrested. 

In the transfusion of bloods we have seen that the toxidity varies 
rather closely with the systematic relationship of the animals. My ex- 
periments so far as they go, show that this same law holds in hybridiza- 
tion, and when taken in connection with what is already well known 
about the production of so-called “successful” hybrids, I think, may be 
interpreted as furnishing evidence for this view. 
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In order to obtain a somewhat more definite idea of the influence of a 
strange sperm upon the developmental processes, I have made a somewhat 
eareful comparison of the final stages of a series of hybrids all of which 
liad the same species, Fundulus heteroclitus, for the female but different 
species for the male, these latter varying in their nearness of blood relation- 
ship to the egg species. ‘These males fall into four separate groups of two 
species each. The male species in each group are closely related, but the 
different groups vary in their relationship to the egg species from that of 
the same genus to that of most widely separated orders. These groups are 


as follows: 


Groep 4 { Fundulus heteroclitus x Fundulus eae 
Group2 { ; Liena Cemee 

Group 3 | “ Rane oe 
ere. | reece 


In group 1, Fundulus majalis and Fundulus diaphanus will hybridize 
and bring their development to hatching. The same is true of the two 
species of Menidia in group No. 2. In group No. 8 the two species of 
sticklebacks will cross and hatch, although I have been able to rear the 
embryos for only a very short time. The Cunner and Tautog of Group 
No. 4 will likewise cross and, although many abnormalites occur, some of 
the embryos will hatch in a normal manner. When, however, these forms 
are crossed with Fundulus heteroclitus very divergent results are obtained, 
although in every case most of the eggs are impregnated. In the first groun 
the embryos largely hatch and may be reared. Among the normals may 
be found various abnormalities, but these are relatively rare. In the re- 
maining groups the embryos never hatch, although in some cases may 
remain Alive in the egg for three or four weeks. But each of these groups 
go to a characteristic stage of development and show characteristic abnor- 
malities. In all of the last three groups the mortality is great during | 
the period from the formation of the germ ring to the closure of the 
blastopore. 

In group 2 a varying number may go far beyond this stage forming 
normally the early stages of the eye, ear, heart, notocord, somites, etc. 
Although the early stages in the formation of these organs may be nor- 
mal, it soon becomes apparent that the further processes becomes aborted. 
The blood vessels do not properly differentiate, the pericardial cavity be- 
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comes very large and the heart is commonly drawn out to a filamentous 
form. This continues to beat until the death of the embryo, but does not 
handle any blood. The eyes do not attain their full size, and may be poorly 
pigmented. They often are abnormally set so that they occupy the fore- 
part of the head. This may fuse into a median single eye or may be pres- 
ent on one side only. The ear vesicles often become large and inflated, giv- 
ing rise to a large rounded prominence on each side. The pigment cells 
are very finely developed, show a tendency to a pattern and bilateral sym- 
metry, but there is a lack of uniformity in this in the different embryos. 
The embryos are shortened and may develop abnormally large pectoral 
fins. It,is not necessary to give more than a general description at this 
place. 

Even within this group it is very easy to distinguish between the 
hybrids in which the Menidia notata is used as the male from those in 
which the Menidia gracilis is the male. The development of the former is 
more successful in those that pass the blastopore closure stage, although 
my experiments show that the mortality is greater at this point. The pig- 
mentation is better developed and the various organs above mentioned 
are laid down much more normally. As a consequence fewer and less pro- 
nounced abnormalities occur. In the Fundulus-Menidia gracilis cross it is 
not uncommon to have only one eye formed. This may be lateral or may 
be median. The eyes are commonly set much further anterior so as to 
occupy the front of the head than in the nearly related cross. 

In the crosses of group 3 we obtain quite a different series of 
hybrid embryos. None of these will develop as far along as those in 
group 2. There is the usual large mortality preceding and at the blas- 
topore closure stage. The more successful embryos are much shorter, the 
pigmentation is much less perfect, the black usually predominates, the eyes 
are never normal, and often altogether wanting, and the life of the embryo 
is shorter. The heart and pericardial cavity is much the same as in the 
Menidia hybrids, although I have seen no attempt to develop vessels on the 
yolk. Their embryos show in every way that the developmental processes 
have deteriorated much earlier than in the Menidia crosses. 

When we come to group 4 we have a still more prenounced abortion 
of the developmental processes. Many of the embryos close the blastopore 
after a fashion, but the embryo is always much shortened, usually being a 
mere streak of protoplasm. These embryos do not lengthen to form a 
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tail, they form no eyes. Occasionally one or two poorly developed ear 
vesicles show; pigment is irregularly and rather sparingly developed on 
both the embryo and the yolk. These cells are practically all black with a 
few small, poorly developed brownish ones. The heart may develop into a 
protoplasmic pulsating mass showing no definite form. The pericardial 
cavity is poorly developed or wanting. These embryos may remain alive 
for a week or ten days, but never as long as the hybrids of the two pre- 
ceding groups. 

We can see from the foregoing that within the narrow limits of the 
species covered, that the more distantly two species are separated in 
their blood relationship when crossed, the earlier the developmental pro- 
cesses come te a standstill. The writer, of course, thoroughly appreciates 
that the foregoing facts are not necessarily evidence in favor of the view 
taken. He desires merely to emphasize the analogy existing between the 
conditions of hybridization and the known conditions of blood transfusion 
and the like. His belief that this analogy is a significant one has been 
strong enough to lead him into further, more direct experiments along this 
line. The writer may even be permitted to express a hope of his that it 
may be possible to control the processes of hybridization in a manner sim- 
ilar to that which has already been brought about in the field of immunity. 


SUMMARY. 


1. The eggs of any of the species of teleosts tried may be impreg- 
nated by the sperm of any other species tried. 

2. The number of eggs fertilized is usually great, i. e., 75% or more. 
This bears no relation to the nearness of relationship of the two species 
concerned. 

3. Normal impregnation is the rule, di- and polyspermy being the 
exception. 

4. Development in its early stages proceeds normally, the deleterious 
effects of the two strange sex products upon each other showing only at 
later cleavage or subsequently. 

5. The rate of development in the early cleavage stages is always 
that of the egg species. Any effect of the strange sperm upon the rate of 
development shows itself by slowing the process regardless of whether the 
rate of the sperm species is faster or slower than the egg species. 

6. A period of great mortality in the developing hybrids is gastrula- 
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tion. If the heart is formed, although it pumps no blood, the embryo may 
remain alive for a considerable period, yolk absorption taking place to a 
varying degree. If the heart handles blood and bloodvessels are differen- 
tiated, the embryo is likely to develop to the point of hatching. 

7. The numerous abnormalities appearing in the hybrid embryos are 
due to a deterioration in the developmental processes, resulting probably 
from the poisonous action of the sex products upon each other. 

8. The success of the hybrids, i. e., the stage to which any given 
hybrid will develop, is correlated with the nearness of relationship of the 
two species used. 

9. The mixing of unrelated sex products is looked upon as analogous 
to the transfusion of unrelated bloods, the more distantly related the two 


species concerned the greater their toxidity. 
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INTRODUCTION. 


In 1909 I gave an account of the plankton of the subterranean stream 
in the caves of Indiana University’s cave farm. Among other things it was 
found that the plankton is composed of epigean forms and is derived from 
ponds in such sink-holes as have an opening above their lowest points. A 
study of the fauna of the ponds furnishing the cave plankton became 
desirable. 


1Contribution from the Zoélogical Laboratory of Indiana University No. 119. 
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Ponds of this kind form a fresh water “unit of environment” typical 
for an area covering a part of twenty counties of southern Indiana, a strip 
of Kentucky and a part of Tennessee. Instead, however, of making a gen- 
eral study of the faunze of many of these ponds, a typical pond one-half 
mile northeast of the campus of Indiana University has been studied in- 
tensively. Its fauna has been determined, its physical factors and environ- 
ment analyzed, and the processes at work determined in part, at least. 

Observations on this pond extend from October, 1908, to June, 1909, 
and from September. 1909, to September, 1910, with occasional visits from 
September, 1910. to May, 1911. It was visited weekly or more often during 
all but the summer months. No observations were made during the sum- 
mer of 1909, but the pond was visited monthly during the summer of 1910 
(June 15, July 16, August 12). 

Many other ponds have been examined, but detailed data concerning 
them have not been collected. The observations on these have been in- 
corporated in this paper when they made clear facts that could not be deter- 
mined from this pond alone. 

Aside from presenting a picture of the conditions in this pond, I hope 
the data collected may furnish a basis for comparison with the larger 
bodies of fresh water (glacial lakes and rivers), so many of which have 


been under observation in recent years. 


THE POND. 


The form of the pond may be seen by reference to the map, No. 1. It 
is oval in shape and has a maximum length of 70 feet and width of 57 feet. 
Its greatest depth is 46 inches, but this is attained only during the heavy 
rains of spring. The south, east and north slopes are quite gentle, but the 
west slope is so abrupt that within one foot of the shore, on the north end 
of the west side, a depth is attained which is only six inches less than the 
greatest depth of the pond. The bottom is covered with plant debris mixed 
with a little fine clay derived from the wash from the slope above the 
pond. This silt is small in quantity, the slope being slight, the area 
drained small, and a narrow zone of grass surrounding the pond. 

Location.—The location of this pond may be determined by examining 
the Bloomington Quadrangle of the United States Topographical Survey. 
It is 940 feet above sea level and about 150 feet above the floor of the 
valleys one mile distant. It is about 16 feet below the crest of an old 
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monadnock, probably a remnant of the tertiary peneplain and near the 


level of the pleistocene peneplain which forms the “skyline” in this region. 


SCALE 20 st) 


Fig. 1. Map of Hill Pond, showing depth in inches at 10-ft. intervals when at the 
overflow point. 


The pleistocene peneplain is very much dissected in this locality. This 
particular monadnock is completely isolated, valleys having cut into its 
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sides from three directions, viz., south, west and north. The valley to the 
north empties into Griffey Creek, a part of the drainage system of the 
West Fork of White River. The valleys to the west and south empty into 
Clear Creek, a part of the drainage system of the East Fork of White 
River. 

No similar pond is nearer than two miles. The nearest perennial water 
is in springs .33, .566 and .66 miles distant, and 100, 146 and 165 feet re- 
spectively below the level of the pond. The accompanying profiles indi- 
cate these slopes graphically. Fig. II. These statements indicate the isola- 
tion of the pond. 


Fig. 2. Profiles of valleys leading away from hill on which pond is located, from 
pond to closest permanent water in each valley. 


The pond is formed by solution in the Mitchell limestone which caps 
the hill to a depth of 50 feet and overlies the Bedford limestone, both 
being formations in the Mississippian series. ‘The details of the formation 
of this pond are not different from those of any other of this region, conse- 
quently a general discussion will probably be more enlightening. 

The development of sinkholes is coincident with that of subterranean 
drainage systems. Both depend upon two conditions: First, the presence 
of soluble rock, usually limestone; second, the movement of the solvent 
(meteoric water, containing as it always does, carbonic acid), through the 
rock. 

In order to have a movement of meteoric water through the rock, it is 
necessary to have an outlet below the general level of the country. This is 
secured by the invasion of surface drainage. <A study of the topography 
of 2 limestone region shows that in general the sinkholes are formed on 


the periphery of the valleys. 
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Fig. 38. Map showing the formation of sink holes on the periphery of a valley. 


The accompanying map (Fig. IIL) beautifully illustrates this point. 
It is based on data from the Bloomington quadrangle of the United States 
Topographic Survey. A deep gorge from the southeast cuts well into the 
oid peneplain, thus tapping the water table. The water on plain around the 
periphery of this valley ‘‘sinks” into the limestone and comes to the sur- 
face near the bottom of the gorge. 

In the area under discussion, the Ohio river and its tributaries supply 
the surface drainage. Although any sort of limestone may develop sink- 
holes, the Mitchell is the sinkhole and cave-forming limestone par excel- 
lence. Its qualities in relation to cave formation have been discussed by 
Green (’08). He summarizes them as follows: 
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“The Mitchell limestone, otherwise known as the St. Louis, barren, 
or cavernous limestone, is a bluish or grayish, hard, compact, even-grained 
stone, generally having a conchoidal fracture. It is so compact as to make 
it rather impervious. Intercalated layers of blue-gray shale are frequent. 
Large concretions of chert are characteristic of certain horizons. When 
the stone weathers, these masses of chert do not dissolve, but break into 
more or less angular fragments which strew the ground over the Mitchell 
area. In Indiana the formation is also characterized by the common pres- 
ence of a genus of corals known as Lithostrotion or Lonsdaleia. In some 
places, such as western Monroe or southern Crawford County, there is a 
typical white odlite found near the top of the formation. 

“Analysis shows the Mitchell to be a very pure calcium carbonate, and 
at Mitchell, Lawrence Connty, from which place the formation received its 
name, it is extensively quarried for making lime and cement.? 

“The Mitchell limestone has long been known as the Cavernous lime- 
stone. Both the Wyandotte Cave of Indiana and the Mammoth Cave of 
kentucky occur in its strata. In three counties in the vicinity of Mammoth 
Cave, over five hundred caves are known to exist. These facts lead us to 
investigate the general adaptability of this limestone to cave formation. 

“The reasons of this adaptability are numerous. Besides the bedding 
planes, two sets of vertical joint-planes exist, one set having a general east 
and west direction and the other a north and south direction. Vertical 
joint-planes are probably nore numerous in this than any other of the 
Mississippian iimestones. Owing to the fact that the Mitehell is rather 
impervious and often of a lithographic nature, the down flowing water is 
forced to follow the joint and bedding planes. The underlying Salem lime- 
stone contains joint-planes but is porous enough to become thoroughly sat- 
urated instead of confining the water to joint-planes.” 

The presence of joint-planes, its impermeability and its solubility, are 
the qualities of the Mitchell limestone which make it favorable to the 
development of caves and sinkholes. It is obvious that if a stone is im- 
permeable and has joint-planes, the water will trickle down through these 
joints instead of being absorbed by the rock. If the rock is soluble and the 


?In the southern part of the State it reaches a thickness of 350 to 400 feet; in 
the central part of its area, that is, in Lawrence and Monroe counties, the thickness 
is from 150 to 250 feet, and from here gradually thins toward the north.” 
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water contains carbonic acid gas in solution, as all meteoric water does, 
cavities will be formed in it. 

The regions in which sinkholes occur were originally covered with 
deciduous forests and as a result the surface was covered with decaying 
vegetable matter. It is well known that this condition reduces the surface 
run off and allows more water to sink into the ground. Shaler (91) has 
also shown that this decaying humus produces a large amount of carbonic 
dioxide, so that the water. passing through it, is always saturated with 
this acid. From these facts, it is probable that the formation of caves 
and sinkholes formerly occurred more rapidly than at present. 

What causes a sinkhole to develop at a particular point is somewhat 
conjectural. Something occurs which increases the rate of solution at a 
particular point. There may be a place in the stone which is more soluble 
than the surrounding rock. It has been suggested that fault-lines may be 
the initial cause of at least some of them. ‘There is a fault near the mouth 
of Shawnee cave in the Mitchell limestone but no line of sinkholes has de- 
veloped along it. 

It is quite possible that the tap roots of some of the walnuts, oaks and 
similar trees of the original forests may have determined the location of 
some of these depressions. These tap roots undoubtedly reached bed rock 
in many places. When they decayed they left a funnel shaped opening in 
the soil, filled with their own decaying stems. This funnel would con- 
duct meteoric water immediately to bed rock and charge it with CO* as it 
did so. 

Cummings (05, page 87) explains this formation as follows: 

“Where two joints intersect. the enlargement is apt to be greatest, 
giving origin to funnels, narrowing gradually downward, and showing in 
a beautiful way the formation of sinkholes, which are only such funnels of 
solution grown large.” 

Whatever may initiate this process, after connection is once established 
with a subterranean system, the processes of weathering, erosion, etc., en- 
large the funnel in every direction. The funnel is really a valley whose 
source or upper end is the perimeter of the cone and whose mouth or outlet 
is the opening in the center. The sides of a young sinkhole are usually 
very steep and its area limited, while those of an older one are more gentle, 
with a much larger area. At any stage in the development of a sinkhole, 
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its outlet may become obstructed. The result is the formation of a pond. 
If a young sinkhole is obstructed, a small and relatively deep pond re- 
sults. The obstruction of an old sinkhole results in the formation of a 
shallow pond of considerable area. 

Destruction—The ponds are no sooner formed than their destruction 
begins by means of those factors which destroy all such topographic forms. 
Few of them overflow, anl these only for a short time. Plant deposition 
and the deposition of silt are the two principal factors operating for their 
destruction. A pond formed in a young sinkhole which is located at or 
near the summit of a hill, i. e., near the level of an old peneplain, does 
not have as much silt washed into it as does a pond formed in an older sink- 
hole or one that is located on the lower slope of a hill. Plants are rela- 
tively a much greater factor in the destruction of the former than in the 
latter. 

Our pond belongs to the first class. It has some clay deposited in it. 
but plant debris forms the major part of its sediment. The rate of its de- 
struction is known approximately for a period of 24 years. In 1887, it was 
about eight or nine feet in depth (“deep enough to swim a horse’’). It is 
now Slightly less than four feet, a difference of four feet, or one-fifth foot 
deposition per year. So far as I know, this is the only case where the rate 
of plant deposition is reducible to even approximate figures. 

The water is usually clear. A scum of iron oxide was found on the 
surface April 1, 1910. On August 12, 1910, the water had a dark purplish 
tinge, due to the decay of organic matter. The only time the pond was seen 
to be muddy was after the rain of July 14. On this date it was quite 
opaque and of a yellowish tinge, from the suspended silt. Silt is carried 


into the pond only after very heavy rains, for reasons previously stated. 


METHODS. 


For collecting insects, insect larvae, algze, amphibian larvee, etc., ordi- 
hary insect nets and dip nets made of bobbinet and scrim, were used. A 
very useful net for collecting micro-organisms, when quantitative work is 
not demanded, is a sampling net, manufactured by the Simplex Net Com- 
pany, Ithaca, New York. It is made of bolting cloth No. 20, is three inches 
in diameter, twelve inches long, and is operated by being thrown out into 
the water and then drawn in. The ring is quite heavy so that it will sink 
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if properly handled. The depth at which the net moves can then be regu- 
lated by the rate at which it is drawn through the water. 

The only difficulty experienced in operating this net was that the 
ving carried the open end under at once, thus catching enough air in the 
net to float it. To obviate this difficulty, a 25x80 mm. glass shell partially 
filled with water was fastened to the apex of the net by means of a cork 
stopper. This carried the net under at once, and when the catch was made. 
the cork was loosened and the collection dropped into the bottle. 

For quantitative work, on sach plankton as was present, the following 
variation of the pumping method was used: The whole apparatus had to 
be light enough to be portable. Some difficulty was experienced in getting 
a satisfactory pump. The pump used is known in the trade as the Barnes 
hydroject pump, manufactured by Barnes Mfg. Co., Mansfield, Ohio. It has 
a brass cylinder and throws one-fourth liter per stroke. Its general appear- 
ance is shown in Fig 4. To this was attached a net of bolting silk (Du- 
four No. 20) and a detachable bucket. (Windows covered with wire cloth, 
200 meshes to the inch.) <A three-quarter inch hose (inside measurement) 
was used. The end was closed with a cork and an opening made in the 
side of the hose just above the cork, so that the water from a given level 
might be secured with greater accuracy. The end of the hose was fastened 
to a float, so that the collection could be taken from any depth desired. 
By means of a rope and pulley, this float could be placed at any point in the 
pond. 

Material was killed in a 4% solution of formalin. All organisms were 
counted in every collection except two. In investigating a small area, I 
believe that greater accuracy is secured by filtering a small amount of 
water and counting all the oragnisms than by filtering a large amount and 
counting a fraction of it. The amount counted in either case must be large 
enough to include samples of all the organisms present. 

The source of error in the first case is the uneven distribution of organ- 
isms at a given level. In the second case, the error is due to the difficulty 
of thoroughly mixing organisms having a different specific gravity. 

The soundings were taken when the pond was covered with ice. The 
ice was ruled at ten-foot intervals, holes bored at the intersections, depth 
measured through these openings and entered on the map of the pond. A 
guage was set December 21, 1909. From the readings of the gauge, the 


depth at any point at any time could be determined. 
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The data concerning elevation were taken in part from the United 
States relief map of the Bloomington quadrangle, and in part from aver- 
ages of the barometric readings. The bench mark established by the survey 
on the university campus rendered exact correlation possible. 

The following annoted list of species gives a fairly complete picture of 
the life in this pond. The list of flagellates and desmids is not exhaustive. 
The diatoms were not identified because of the inadequacy of accessible 
literature. However, it may be stated that the diatom flora consists of 


bottom inhabiting forms. 


Rhizopoda— PROTOZOA. 
Difflugia globulosa Dujardin. 

‘this was the most common protozoan in the pond. It was found at all 
seasons but was more common in 1910 than in 1909. It is reduced in 
nuinbers during the winter but when the temperature begins to rise in the 
spring, this species begins to increase in numbers. In 1910 this increase 
was very regular from March to August. The Difflugia in the quantitative 
plankton collections of that vear belonged for the most part to this species. 
In these collections the number per 100 liters varied from 28 on February 8 
to 39,780 on August 12. 

Diflugia oblonga Ehrenberg. 

This variable species was a common form in 1909 but not so plentiful 
in 1910. 

Diffugia acuminata Ehrenberg. 

Not common. 

Difflugia urceolata Carter. 

Common in the winter of 1909-10. Greatly outnumbered by D. globu- 
losa in the spring and summer. In plankton material killed in formalin, 
I found a typical individual of wrceolata with the mouth of its shell closely 
appressed to that of a specimen of D. Globulosa. Whether this was a case 
of fission, an animal building a new shell or an accident, I am unable to 
state. I am inclined to the belief that the animal was dividing. The 
rounded shell was slightly smaller than the spined one. If this be true, 
the distinction between the two forms is of course not specific. 

Difflugia corona Wallick. 

Observed occasionally. 
Difflugia lobastoma Leidy. 

Rare. 
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Many variations in the nature and form of the test have been observed. 
The studies of Penard (’02), Averintzev (’06) and others have resulted in 
more than forty species being referred to this genus. The many variations 
observed in the Difflugia in this limited habitat make evident the value of 
studies on the effect of age and environment upon the form of the test. 
Such studies would certainly define the species more clearly than they are 
at present. The difficulties of such experiments are obvious. 


Lesquerensia spiralis Schlumberger. 
Rare. 


Pontigulasia compressa Carter. 
Nov. 9, 1909. 


Arcella vulgaris Ehrenberg. 

This species was very common on the bottom and in the vegetable debris 
during the year 1909 but it was very much reduced in numbers the next 
year. In the collections taken with the pump from Jan. 5 to Aug. 12, it 
occurred but once. 


Centropyxis aculeata Stein. 

Occurred rarely. Taken Jan. 5, 1909. 
Actinophrys sol. Ehrenberg. 

It was not found until May 28, 1910, when the water temperature was 
20° C. It was quite common on that date and during the following month. 

Flagellata— 

Euglena viridis Ehrenberg. 

Always present, but reaching its maximum development in Aug., 710, 
when 27,560 per 100 liters of water were taken by filtering with No. 20 
bolting silk. This filter undoubtedly allows some to pass through. 

Phacus pleuronectes Miiller. 
Phacus pyrum Ehrenberg. 

Both species were present among the filamentous alge at all seasons 
but never in great quantity. The former was much the more common. On 
account of their association with the alge they were always more plentiful 
in the margins of the pond. 

Peridinium tabulatum Elirenberg. 

A form that was referred to this species was observed in some ma- 
terial brought into the laboratory Jan. 18, 1910. This material consisted 
of debris and water. It was kept in a clean glass jar covered with glass. 
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Ordinarily this species develops in swarms but it never occurred in 
quantity in the pond. 


Trachelomonas annata Ehrenberg. 

Obtained Jan. 18 and Feb. 2 by the same method as Peridinium, already 
described. 

Ciliata— 
Halteris sp. 

Common among alge at south end of pond, Apr., 1910. 


Vorticella. 

This genus occurred sporadically during the warmer months. Specific 
identification was not made every time it was observed. 

It was present as late as Nov. 25, 1909, and reappeared in May. The 
most common form was referred to V. microstomata Ehrenberg. V. campa- 
nula Ehrenberg was present in large quantities Oct. 26, 1910, when the 
water temperature was 13.6° C. 

Epistylus sp. 

A ciliate belonging to this well marked genus was taken March 11, 
attached to the edge of the thorax (usually near the posterior angle) of an 
aquatic beetle. It is not referable to any species to whose description I 
have access. The zooids, when completely expanded, are 1/5 mm. long by 
1/12 mm. wide. The stems branch dichotomously and are segmented at the 
base of each branch. The planes of successive branchings are usually at 
right angles to each other. The branches are from 30 to 40 yw long and 
from 20 to 30 » wide. From this method of branching the colony tends 
to form a spherical sector of increasing size. The outer surface of this 
sphere is formed by the zooids, which when contracted in a well developed 
colony, touch each other forming a continuous surface. The cell walls are 
fairly firm and a limited surface is exposed. Some water is probably re- 
tained among the stalks below the zooids. This seems to enable them to 
prevent desiccation in a degree. The following observations support this 
inference: A well developed colony attached to a bit of the thorax of a 
beetle was left on a slide under a cover glass at 4:20 p. m., room tem- 
perature about 70°. The water under the cover soon evaporated. At 7:50 
a. m. the following day, the slide was examined. The outlines of the con- 
tracted zooids were still discernible. The colony was removed to tap water 
in a stentor dish. At noon, about 20% had revived and were actively feed- 
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ing. The amount of drying to which they had been subjected seems to be 
near the limit for the species. They do not recover if completely desic- 
eated. The relation of this to distribution will be noted subsequently. 


PLATY HELMINTHES. 

Trematoda-— 

Diplodiscus sp.* 

Young trematodes belonging to this genus were taken from the ali- 
mentary tract of the larvee of Rana catesbiana Shaw during Feb., °11. 

They were free in the intestine of the amphibian larve. The contents 
of the digestive tract of the worm seemed to be derived from the surround- 
ing medium, i. e., the food material in the intestine of the “tadpole.” Sex- 
ually mature individuals were taken from larvie of the same frog about 
one month later (Mar. 20, ’°11). I have been unable thus far to determine 
the invertebrate host of this trematode in this pond. The most numerous 
molluse is Luccinea retusa Lea. But many dissections have failed to reveal 
trematode infection. 

The following intermediate stages taken with the plankton catches in 
the open water have been noted. One cercaria on each of the following 
dates: May 5, 09; Jan. 11, ’10; Apr. 15, '10. 

A ciliated larva was taken May 28, 710. The only evidence that these 
are the developmental stages of Diplodiscus is that Diplodiscus is the only 
trematode known from this pond. 


TROCHELMINTHES. 


Ten rotifers were identified from the pond. Others were observed 
occasionally but were not identified. Their rare occurrence, and the fact 
that the methods used in the preservation of the material were not 
especially adapted to rotifers, often rendered exact identification im- 
possible. 

Of the ten rotifers, three, Anurea aculatca Ehrenberg; Hydatina senta 
Ehrenberg, and Monostyla lunaris Ehrenberg, occurred in quantity in the 
open water of the pond. The first was common in 1908, the other two in 
1910. The other five were never common. 


3Tdentified by Prof. H. B. Ward, 
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Anurea aculatea Ehrenberg. 

Found Noy. 25, 1908, two days after the rain which ended the drouth 
of that year. It was quite numerous that fall and was present the fol- 
lowing year until December, but not in such numbers. It was absent 
entirely in the collections of 1910. 


Cathypua luna Ehrenberg. 
May 15, 1910. Not common. 
Diurella tenuior Gosse. 
Spring 1907. Rare. 
Pedalion mirum Hudson. 
Present in considerable numbers during May and June, 1909. 


Rotifera tardus Ehrenberg. 
April 15, 1911. 


Anurea cochlearis Gosse. 

In quantitative collection of April 14, 1910. One specimen; spines wel! 
developed. 
Hydatina senta Ehrenberg. 

Appeared rarely in spring of 1910. First observed April 14. It did 
not develop in any quantity until July. On July 15 there were 1,560 per 
100 liters of water. Aug. 12, this had increased to 1,625. 


Monostyla lunaris Ehrenberg. 
Appeared April 19, 1910. On that date there were 88 per 100 liters. 
It reached its maximum development in July with 1,468 per 100 liters. 


Monostyla cornuta Ehrenberg. 

Aug. 15, 1910. This form may have been counted with preceding but 
partial re-examination of material did not show this to be true. 
Diglema forcepata Ehrenberg. 

Occasionally from Feb. 4 to Aug. 15, 1910. 


ANNELIDA. 
Oligocheta— 
Limnodrilus sp. ij 
An oligochxte worm belonging to the family Tubificidse was referred 
to this genus. Its complete anatomy has not yet been worked out. It 
vecurs in great numbers among the roots and about the root stalks of 


Typha. In this pond, this is its exclusive habitat. The alimentary tracts 
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of these worms are always filled with decaying vegetable matter. They are 
ravenously eaten by Amblystoma larvie and Diemyctylus. These two facts 
probably account for their occurrence in this limited habitat. 


CRUSTACEA. 
Arthropoda— 


Daphnia pulex DeGeer. 

Occurred twice, in March and April, 1909, and in May, June and July, 
1910. Its maximum occurrence was on June 15, 1910, when there were 80 
per hundred liters of water. In towing collections, often but a single 
specimen was taken. 


Simocephalus vetellus Mueller. 

The most conspicuous crustacean of the pond. It is numerous at all 
seasons among the plants and plant remains. It is rarely taken in the 
cpen water of the central part of the pond. Adults were taken two days 
ufter the rain which terminated the drouth in 1908. It was found that in 
cultures it takes from 10 to 12 days for adults to develop. From these 
facts, it appears that this crustacean was able to survive the drouth as an 
adult. To do this, it must have worked its way down through the vege- 
table debris to the water level. It is present at all periods of the year, 
producing a maximum of 25 young in a brood. It makes a slight diurnal 
vertical migration. This is difficult to demonstrate quantitatively because 
of its habitat. If the surface of the water be “skimmed” with a fine 
meshed net during the day, very few if any individuals are taken. How- 
ever, many individuals are taken by this operation at any hour of the 
night during the summer months. 

Alona quadrangularis Miiller. 

Appeared in March, 1910. Taken with young in brood chambers. 
Never more than 120 per hundred liters until May 28, when 696 per hun- 
dred were taken. It varied during June, July and August from 500 to 780 
per hundred liters, the maximum occurring on Aug. 12. Eggs were present 
in brood chambers in a large per cent. of them from April till August of 
this year. 

Cypridopsis vidua Brady. 

Appeared as soon as the pond began to fill with water in Noy., 1908. 
During the following winter and spring it was one of the most conspicuous 
forms. No attempt was made to estimate its numbers, but a small quan- 
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tity of water dipped from any part of the pond during this period always 
contained them. They could be seen feeding at any time on vegetable 
debris, Typha stems and alge. 

During the spring of 1909 the number began to decrease, and in the 
autumn they disappeared. They were never observed in 1910, although 
the pond was examined for them many times. This fact has an important 
bearing upon the general problem of distribution, as will be pointed out 
later. 


Cypris virens Jurine. 

This form has been present at all times but never developed in great 
quantity. Its greenish color and the fact that it is more closely confined 
to the substratum than Cypridopsis vidwa, render it less conspicuous. 
Cyclops serrulatus Fischer. 

Taken March 17, 1910, with eggs. Numerous in the shallower parts 
ot the pond during the latter part of the month. 

Cyclops bicuspidatus Claus. 

The typical form was present during the spring of 1910 but did not 
occur in great numbers. 

Most females taken were carrying egg sacks. During July and August 
as noted in the discussion of the plankton, this species occurred in great 
numbers, the maximum being on August 12, when 704,600 per 100 liters 
were present. However, the individuals were smaller and the stylets 
shorter and relatively thicker than in the spring forms. 

Pearse (05) reports this species as occurring in the spring in Ne- 
braska. In the Illinois River, it is reported as a winter form, Kofoid (’03). 
In Lake Michigan it is a summer form, Forbes (’82). In Wisconsin lakes 
it is active in the cooler parts of the year and passes the summer in a 
gelatinous cocoon. The seasonal distribution in different habitats of this 
variable form offers an enticing problem. 

Cyclops phaleratus Koch. 

Taken during March, 1910. Numerous April 15, 1911. Found among 

Typha and near the edge of the pond. 


TARDIGRADA. 
Macrobiotus. 


A form which was referred to this genus was taken in the spring of 
1910. They occurred in quantity on April 28, and for about one month 
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thereafter, in the gelatinous matrix around the eggs of the mollusc Succinea 
retusa Lea. ‘hey did not occur in egg masses recently laid. As the eggs 
develop, the matrix gradually disintegrates and a large number of minute 
flagellates develops in the matrix during this process of disintegration. 
This, in part, accounts for the presence of the Tardigrada, for they were 
feeding on the flagellates, the disintegrating matrix or both. 

On May 15, one was taken containing 10 eggs which almost filled the 
specimen. June 15, one was taken with 11 eggs. Others taken at this time 
also contained eggs. 

None was taken after June 15. Those taken on this date were captured 
with a silk net in open water. 

Herapoda— 

Notonecta sp. 

This backswimmer emigrated from the pond when it dried up, if it had 
been present previously. It was not observed during the spring of 1909, 
but since that time it has been abundant. 


Limnobates lineata sp. 
Frequent near the margin of the pond. 


Hygrothechus sp. 

This water strider was first observed March 7, 1909. They appear 
secon after the ice melts and remain until the freezing weather. Adults 
hibernate. They are primarily the scavengers of the surface, yet the 
rapidity with which they perform their work makes observation difficult, 
as the following example indicates: On Mar. 24, 1910, an ichneumon fly 
accidentally fell into the water. Instantly it was punctured by three 
of these water-striders. In spite of its larger size and powerful struggle, 
the ichneumon was soon reduced to practically an empty shell. 
Cnemidotus 12-punctatus Say. 

Always present op plant stems and debris. Noted by Blatchley as 
more conmon in northern part of State than in southern. Hibernates. 
Cnemidotus muticus Leclerc. 

Occurs with preceding species. Rather more common. MHibernates. 
Hydrocanthns iricolor Say. 

Present in considerable numbers throughout the year. 


Laccophilus maculosus Say. 
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Laccophilus fasciatus Aube. 


Both species present in about equal numbers. Hibernate 


Hydrovatus pustulatus Melsh. 

About the southern limit of its range. Present throughout the year 
but not numerous. 

Coptotomus interrogatus Fabricius. 

One of the common beetles in the pond. Could be taken in numbers 
at any season. 
Graphoderes liberus Say. 

Blatchley notes concerning this beetle: “Putnam and Lawrence coun- 
ties, frequent in woodland ponds.” In this pond I have taken but one 
specimen and have seen no other. This was taken June 6, 1910. It is 
quite probable that it had just immigrated. 


Dineutes assimilis Aube. 

Present from April to October in characteristic groups on the surface 
of the pond. 

Tropisternus nuxtus Leclerc. 

The most common beetle in the pond. Could be seen beneath the ice 
in winter. 

Berosus peregrinus Herbst. 

Not common. 

Of the four families of beetles found in this pond, the Gyrinide are 
confined to the surface, the Haliplidze occur at the bottom “crawling” over 
the plant stems and sticks, while the Dytiscidze and Hydrophylidz occupy 
the intervening space as well as surface and bottom. The surface supports 
one species, the bottom two, while eight species are more generally dis- 
tributed. ‘ihe Dytiscidz are represented by six species, the Hydrophilid:e 
by two. ‘The Dytiscidre are much stronger swimmers and more voracious 
feeders than the Hydrophilide, which facts may account for their more 
successful occupancy of the pond. 

Heterina americana Fabricius. 
Taken flying over pond Aug. 12, 1910. 
Lestes congener Hagen. 
Taken Sept. 1, 1910. On that date they were numerous over pond. 


Ischnura verticalis Say. 
Emerging June 18. 
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Anax junius Drury. 

A single specimen Aug. 12. 
Sympetrum vicinum Hagen. 

Two specimens taken June 18. 
Libellula pulchella Drury. 

June 18, July 16, Aug. 12. Emerged from nymphs in aquaria during 
June and July. Nymphs of this form were the most numerous of the 
group. 

Libellula lydia Drury. 
Flying over pond Aug. 12. 


Corethra. 

Corethra larve either had never been in this pond before 1909, or had 
been exterminated by the drying up of the pond in the autumn of 1908. 
The latter proposition seems to be the correct one. 

As stated previously, no collections were taken during the summer of 
1909. In the autumn when observations were resumed, corethra larva: 
were present in enormous numbers. Their numbers have not appreciably 
decreased since. The reappearance of the larvee may be accounted for 
either (1) by eggs having lain dormant during the dry period and winter, 
and then hatching as the temperature increased the following spring, or 
(2) adult imagoes may have migrated to the pond during the spring and 
summer of 1909. I think that the first proposition is untenable because on 
May 25, 1910, larvee 3 mm. long were present that had been hatched from 
the eggs of that year. It is not likely that larvee of that size could have 
escaped observation the previous spring. If the species was re-introduced 
into the pond by the imago, it necessitated a migration of over a mile. 
Wind doubtless influences these flying forms, so that their migration was 
partially passive. 

Chironomus sp. 


Larve occurred rarely. 


MOLLUSCA. 
Gastropoda— 


Succinea retusa Lea. 

The most common molluse of the pond. Eggs laid in April, May and 
June. Hatched in about 15 days. This period probably varies with tem- 
perature. At 12°-14° C., eggs laid April 8 hatched April 23. 
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Tebennophorus dorsalis Binney. 

This slug is common in Indiana. However, only a single specimen was 
taken in the pond, Oct. 16, 1910, in the debris at the bottom. (It seems to 
have been recently introduced. ) 


Anecyclus tardus Say. 

Not uncommon. ‘This shell is reported by Call ((99) to be common in 
the Wabash, Ohio and Maumee rivers. In all references that I have been 
able to find, it is recorded from streams. But most expeditions that were 
for the spcial purpose of collecting molluscs, were made along streams. 
The forms from the land-locked pcols have been collected more incidentally. 
These facts, together with the small size of the species, account for the oft 


repeated statement of its distribution. 


Vertebrata— 

AMPHIRIA. 
Amblystoma jeffersonianum Green. 

The adult of this ferm has not been taken in the pond, but is known 
from the ravine to the north. Egg masses, referred to this species, were 
present March 17, 1910. One mass contained 19 eggs and another 2%). 
March 24, 1911, a mass was observed containing 24 unhatched larvee. Di- 
ameter of outer envelope, 18 mm. Diameter of total mass, 60 mm. Length 


of larvee, 13 mm. Fastened to grass 13 cm. below surface. 


Diemyctylus viridescens Rafinesque. 

Common. Six taken in an area about one foot square in February, 
1911. Its habits have been worked out in detail by Gage (91) and Jor- 
dan (’93). 

HWyla pickeringii Holbrook. 

Three. Numerous. Appeared March 24, 1910. Eggs in May. 
Rana catesbiana Shaw. 

Common. Nine specimens taken during May, 1910. Egg-laying period, 
June and July. Recently laid eggs as late as July 15. Reduction in level 


kills many eggs. 


AVES. 
Anas discors Linnzeus. 

A duck was flushed from the pond April 21, 1909. Identification was 
made while the bird was on the wing. It circled three times, coming quite 


near. The identification is probably correct. This bird has the greatest 
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range of any individual organism found on the pond. The A. O. U. check 
list, 1910, gives its range as: North America in general, but chiefly the 
Eastern Province north to Alaska and south to West Indies and northerr 
South America; breeds from northern United States northward. 


It is altogether probable that other water birds visit this pond. I have 
seen various species of ducks and sand pipers on similar ponds in this 
region. On the water works reservoir, a small artificial lake about three 
miles distant, ducks, loons, grebes, etc., may be seen almost any time 
during their migration period. McAtee (’05) lists 44 water birds from 
this region, 20 of which he marks as regular migrants. 

Agelaius pheeniceus Linnzus. 

Red winged blackbirds were first seen on the pond May 5, 1909. Two 

pairs nested during the summer of 1909 on the south part of the pond. 
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The nests were attached to the Typha stems over the water. Three pairs 


nested near the same place in the pond in 1910. 

Many other birds were seen near the pond or perched on the Typha 
stems. The most common of these were: Turtle Dove, Zenaiduro ma- 
croura L.; Quail, Colinus virginianus L.; Tree sparrow, Spizella monticola 
Gmelin; Fox sparrow, Passerella iliaca Merrem; Field sparrow, Spizella 


pusilla Wilson; Junco, Junco hyemalis L. 


FLORA. 
Alga— 
Closterium dianze Ehrenberg. 
April 1, 1910. Common among filamentous alge. 
Cosmarium botrytis Menegh. 
Common, spring 1910. 
C. tetraophthalmum Kuetzing. 
Rare. 
Docidium crenulatum Rabenhorst. 
This and other species of this genus occurred sparingly in most col- 
lections. 
Spirogyra majuseula Kuetzing. 
During the winter of 1909-10. This alga developed in considerab!v 


quantity in the southern part of the pond. 


Zygnema stetlum Agardh. 
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A few filaments observed Noy. 23, 1909, Jan. 9, 1910. Never observed 
in fruit. 

Oedogonium undulatum Brebisson. 

The most abundant alga in the pond. It is present throughout the 
year. It was observed fruiting sexually on Noy. 16, 1909, and April 113 
1910. After the sexual season in the spring the plants decline in vigor. 
There are enormous numbers of oospores present in the water at this 
“time. 

Chaetophora pisiformis Roth. 

Common at all seasons on stems. 
Typha latifolia L. 

This is the most conspicuous plant in the pond. It covered the shal- 
lower two-thirds of the pond in 1908 and has since increased to about three- 
fourths of the total area. It is from this plant that most of the vegetable 
debris on the bottom of the pond is derived. 

In 1910 shoots appeared frem the stolons Mar..24. Seeds began ger- 
minating April 8, flowers were formed in June and seeds were ripe early in 
September. 

The seeds which fali in the water are usually blown to the lee side 
of the pond where they collect in dense masses. This results in very 
weak seedlings during germination. <A slight reduction of level is fatal 
at this period. Besides this, the margin where these seeds germinate is 
already oceupied by parent plants. From these facts, it is evident that the 
seeds of Typha are very inefficient in increasing the number of plants in 
a pond where it is alrendy established. ‘The increase is derived chiefly 
from buds from the stolons. The seeds, while ill adapted to this function, 
are very efficient in securing the introduction of the species into ponds 
unoccupied by it. On a spike 150 mm. long, I have estimated the number 
of seeds to be 27,000. How far they may be carried by wind is conjectural, 
and on that account this efficiency can not be reduced to figures. The 
chances of introduction of any wind-blown seed is inverse to the distance 
from the center of distribution, but the proportion is unknown. Certainly 
it is greater in the direction of the prevailing winds than in any other. It 
may be observed that if the seeds were distributed evenly over a circle 
whose radius is one mile (the distance to the nearest pond) a seed from 
each spike would have approximately five chances in six of hitting a pond 
of that size (70 ft. in diameter) placed anywhere in this circle. 

[27—26988 ] 
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Alisma Plantago aquatica L. 

Oceurs sparsely at the margin ot the pond. 
Covers the bottom between the Typha stalks on the north and east sides 
of the pond. 

These three phancrogams occur in the pond. Near the margin of the 
pond oceur Bidens and Carex, whose principal relation to it is that they 


cause the deposition of much of the silt before it reaches the pond. 


PLANKTON. 


The accompanying table records the observations on the more abundant 
and more strictly plankton erganisms in the pond from Jan. 25 to Aug. 
12, 1910. The most apparent fact is the dearth of organisms in the open 
water during the extremely low temperature of January and February, 
Euglena virides Ehr., and Euglena acus Ehr. being the most abundant. 
A few rotifers were observed during the winter, but no marked develop- 
ment of this class was observed until the latter part of April. Polyarthra 
reached its maximum on May 28, and Monostyla in August. Hydatina is 
strictly a summer form. 

Wesenberg-Lund (’08, p. 255) states: “Rhizopoda are, so far as my 
experience goes, of quite secondary importance in the pond plankton.” This 
pond certainly differs from those of Denmark, for the development of Ditf- 
flugia is constant and fairly regular from February to August, when 297,800 
per cu. m. were present. Actinophrys was very common near the margins 
during May. 

There are two pulses of cyclops. A very slight one in April and an 
enormous one in August. It is possible that some of the cyclops were 
able to avoid the intake of the collecting apparatus. This of course would 
make the members in the table too low. In April the cyclops were quite 
evident in the shallow water near the shore. However, it was difficult to 
apply quantitative methods to this region. During the August pulse, none 
was seen near the shore. This may have been due to the fact, noted else- 


where, that they were smaller than C. bicuspidatus usually is. 


ECOLOGICAL RELATIONS. 


In the ecology of any association of organisms, two complicated prob- 
lems or sets of problems present themselves. ‘These are (1) how was each 
of these organisms introduced, (2) what factors condition their continu- 
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ance? Without presuming to give a final answer to these questions, I 
shall present such facts as bear on the distribution and interrelations of 
the organisms of this pond. 

On the basis of methods of dispersal, these organisms fall into two 
groups, active Inigrants and passive migrants. The active migrants include 
the vertebrates and insects, which are limited, for the most part, to the 
American continent, while the passive migrants include all the other forms 
which are practically cosmopolitan in their distribution. To discuss the 
distribution of the active migrants would involve a consideration of their 
relationships and phylogeny which is not within the province of this 
paper. 

Of the passive migrants, the crustacea, rotifera, protozoa, and most of 
the alge are known from both Europe and America. Some of the forms 
lave a much wider distribution. Difflugia, for example, is recorded by 
Biitschli from all the continents except Africa (where it doubtless exists). 
Recentiy Edmonson (710) has reported Difflugia pyriformis from Tahiti. 
The presence cf this form on a recently formed isle, geologically speak- 
ing, 4,000 miles from a mainland, certainly makes probable its worldwide 
distribution. 

The cosmopolitan distribution of the passive migrants can, I think, 
be explained by an analysis of the agencies by which they are carried. Of 
these agencies, the principal ones are birds, beetles and wind. 

Of the birds, only the water birds need be considered as the relation 
of land birds to aquatic organisms is accidental. 

De Guerne (‘SS) established that water birds do carry a great variety 
of small aquatic organisms. In examining the fresh water fauna of the 
Azores, he discovered that the micro-organisms belonged to species found 
in France. This suggested water birds as a distributing agency. He took 
a wild duck (Anas boschas L.) and made cultures from the dried particles 
of slime from its bill, feathers and feet. From these cultures he obtained 
protozoa, rotifera, nematoda, alge, cladocera, ostracoda, bryozoa and in- 
sect larvee. 

Zacharias (SS) points out the feces of these birds as an additional 
source of micro-organisms. I have seen but two water frequenting birds 
on this pond, but it is occasionally visited, in all probability, by those in 
whose migration path it lies. Of the twenty-two water birds which are 
regulay Migrants or residents (including the blue winged teal, the kildeer 


TaBLe No. -~. 
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Showing the Water Birds Which Are Common tn the Vicinity of the Pond 


at Some Time During the ¥ 


ear, 


Son FH pw bw 


— 
- Oo 


Regions Over Which They Are 
Distributed. 
a 
SPECIES 5 |e I 
ele |2 3 
“l4/elelsl2lalé 
Pl/O;/SZ/Olas/EIA]O 
Horned grebe, Colymbus auritus Linn..................... ae lar | ar kese dlcecallse tl ar 
Pied billed grebe, Podilymbus podiceps Linn.............. +i)+i/4+])]4+/4+ y+ 
eon Gavia amber brunnich.sc.2cccseess tee de eniere-ee +}+ i. RPT IE A (eters foe, 2 
American merganser, Merganser americanus Cass.......... se | seq} ae || Se llecs!| Se 
Hooded Merganser, Lophodytes cucullatus Linn........... a6 || ae || Se 3) sore oillesteea| ets 
Melland Anas: platyrhiynChoOsf smsisc-tasemeee eee nest: +y+)+]+i....)+ 
Green winged teal, Nettion carolinense Gmelin............ +y+yt] ty... + 
Blue winged teal, Querquedula discors Linn................ +/+ ]/+]+]....) +t] + ]4+ 
Shoveller, Spatula clypeata Linn.................... Pears SE Se ee eee el te [eee 
Pinta ahilaacutadlainnes 2. sasols meee setae ee oo ke ar ar ar |) SE ieccel) Se || SF 
Woodiduck- Aixisnonsa Danni. 5 6c oeyseiicte scrote cee atte | en Pay etal caries | iesatered| |b Bi ect 
Canvas-back, Marila vallisneria Wils...................... | +)+] +) 4+ y....)+ 
Lesser scaup-duck, Marila affinis Eyt...................... +/+ _ Pe te ol i a 
American golden eye clangula, Clangula americana Bonap..|! + | + | + }....].... +)/+i/+ 
Canada goose, Branta canadensis Linn........... eg ae ; . ef BY] te Pe ode... Sa (rae hee 
American bittern, Botaurus lentiginosus Montag........... Saal iene Hees lee soe +] + 
Great blue heron, Ardea herodias Linn.................... SF \har har ise |i Se) ae lleeoollocee 
Wilson’s snipe, Gallinago delicata Ord..................... +)/4+/)/4+/])4+);)+)]+)]4 4. 
Pectoral sandpiper, Picobia maculata Viell................ +{/+);4+]4+]4+]4+]4+/+4+ 
Solitary sandpiper, Totanus solitaris Wils.................. +) 4+ y+ )y4+s}+]/4+]4+/+ 
Spotted sandpiper, Actitis macularia Linn................. +)/+/4+]/4+/]+4+/]4+)]4+ 4}. 
Kalldeer, @gialitis vocifera Linn......................-.-- | +)4+/]4+]/4+]};+)4+ + 
MODAN 56 veh ricss.s arsins Mec poe eile en Or ieee wngnlt ome ae see 92} 22/19/16] 7] 20111] 5° 
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and the twenty marked by McAtee (05) as common), all are found in the 
United States and Canada. 19 reach Mexico, 16 Central America, 7 South 
America east of the Andes, 20 the West Indies, 5 Greenland and 11 are 
reported from Europe. (See Table No. 2.) 

Of the 24 other water birds listed as rare or occasional from this 
region, three reach Chili and one Greenland. The range of no individual 
bird is as great as that of its species, but many of the water birds are 
gregarious at some season, so that the organisms which they carry would 
soon be distributed over their entire range. This does not necessarily mean 
that these organisms would develop over the entire area. 

The following examples show how the area may be connected with 
the rest of the globe. Besides the four, indicated in the table as occurring 
more or less regularly in Europe, cthers appear accidentally (Headley, 
95). The Turnstone (Headley |. c.) migrates from Greenland across Eu- 
rope to Australia. Holbcell’s Grebe (Colymbus holboelli Reinh) is dis- 
tributed over North America, Greenland, Eastern Siberia, south to Japan, 
thus connectivg Americn and Asia. These forms all breed inland so that 
they are related strictly to the fresh water fauna. The list may, of course, 
be extended slmost indefinitely. Marine birds, such as the albatross have 
a much wider range but they rarely come inland. 

3irds are the chief agencies in the distribution of crustacea (cladocera, 
copepoda), whose eggs are too large to be wind-blown. ‘The reduction in 
the number of water birds which has taken place in the last half century 
certainly has reduced the chances of a crustacean reaching a pond at the 
period suitable to its development. In the larger bodies of water this rela- 
tion is not so evident nor so pateut because they are much more static. 

Insects migrate very short distances compared with birds. However 
they do carry organisms from one pond to another in a limited locality. 
The aquatic beetles and some Tlemiptera are the most efficient agencies be- 
cause the imagoes spend most of their life in the water where algre and 
protozoa become attached to them. Occasionally, however, they leave the 
witer, as is attested by the fact that they collect around a light at some 
distance from their habitat. 

In this pond I have often noted beetles with vorticellzee and other cili- 
ates attached. The attachment of stalked ciliates to beetles is mentioned 
by Stein (54) and others. Migula (SS) having found a single beetle asso- 


ciated with alge in a pool 80 cm. in diameter near the summit of Biskiden 


mountains, concluded that the beetle had carried the alge. Later he ex- 
amined six beetles belonging to three species, from five different habitats 
and found attached to them twenty-three species of alge. 

These ciliates and alge, however, were attached to beetles in the water. 
When the beetles leave the water these attached organisms are suddenly 
transferred from an aquatic to an eerial environment. This new enyiron- 
ment differs from the old one in temperature and humidity. How long 
these organisms can resist these changed conditions and how long the 
beetles stay out of water are facts that must be known before the role of 
insects in the distribution of attached organisms can be accurately deter- 
mined. ‘The fact that aquatic beetles fly at night reduces the harmful effect 
of evaporation. Experiments are planned to selve these problems, 

In the notes on Epistylis, I have indicated that that species of this 
genus ean remain out of water for some time without fatal results. The 
colony 1eferred to remained on a slide under cover in a room with low 
relative humidity for more thau fifteen hours without it being fatal to all 
of the zooids. While a colony of this species attached to the thorax of a 
beetle making a nocturnal migratory flight would not have the protection 
against evaporation of the two glass plates, this would be compensated 
in some degree by the more humid and cooler night air. 

That wind is responsible for the distribution of many protozoa and 
rotifers is 2 fact which is familiar to any one who has eyer made a hay 
infusion. The presence of these organisms and of tardigrada in the pond, 
is probably due to wind distribution. Just how far an organism can be 
transported by win@ depends upon the size and specific gravity of its spores. 
eggs or cysts, and upon its power to resist drying, extreme temperature. 
etc. These facts are, in a large number cf cases, unknown. 

Cysts of Euglena are common in almost every culture, but it does not 
follow that this is the form in which they are wind-blown. Assuming a 
constant specific gravity, it is certain that the buoyancy of a cyst increases 
as the reciprocal of its diameter. As an adaptation to this law, many 
organisms form extremely minute spores. 

It is rendered very probable by Calkins (07) that in Amaba proteus 
yery minute spores are formed. From his figures I have determined the 
diameter of the teriiary nuclei (which with a bit of cytoplasm are pre- 
sumed to form the spore). to be 1 ~ or less. Comparing these spore nuclei 


in Calkins ('07), Fig. 14, with the amceba figured in his earlier papers, 
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Calkins ('04), it certainly becomes evident that there is an efficient adapta- 
tion to wind distribution. 

Attention may be called to the analogous transportation of volcanic 
dust which has been known to drift round the world. Volcanic dust has a 
higher specific gravity than that of protoplasm but, on the other hand. 
it is blown to a very high altitude, while organic spores usually start from 
the surface. 

The exact nature of the spore while in the air must be known before 
its distribution by wind can be even approximated by direct methods. 

Distribution.—Of the complicated set of factors that condition the ex- 
istence of these organisms, only four can be discussed at this time. These 
are level. light, teuperature and food relations. The chemical composition 
of the water and its variations have not been Getermined. The determina- 
tion of the dissolved oxygen, carbon dioxide and ammonia will probably 
yield valuable results in a comparative study of several ponds. 

Level.—The factor that affects the organisms in this pond most vitally 
is the extreme changes in level. The level varies from zero to 46 inches 
above the lowest point. So far as ascertained, its level has been reduced 
to zero (i. e., it has dried up) but once in its history and that was in the 
late summer and early autumn of ‘OS. It did not overflow until the follow- 
ing March. From March, 09 to August, 09, the lowest observed level was 
302 inches. The summer of ‘OS was the dryest in 13 years (local records 
are not available before 1896). ‘That of “09 was rather wet, 4.75 inches of 
rain falling on July 14. For these two rather extreme years, the minima 
have been 35.5 and 0; or to put it another way, the level has decreased 
25% and 100% from the maximum. This point will be discussed more fully 
later. As the destructive forces gradually elevate the bottom of the pond, 
it is probable that in future the pond will go dry more often. Level is 
determined by precipitation and evaperation. The extreme variability of 
these factors in this pond and similar ones in this region is indicated by 
the weather records of the local station and those from Indianapolis. Ree- 
ords of sunshine, wind velocity and relative humidity are not available for 
any station nearer than Indianapolis (56 miles distant). 

In the accompanying table I have compiled all the climatological data 
available for this lecality. 


TABLE 


cy) 
me 


CLIMATOLOGICAL DATA. 


Bioomincton, Monroe County, INp.—Eleyation, 800 feet. 


Precipitation. 


Year. | Jan. | Feb. | Mar. | Apr. Mav June. | July. | Aug. | Sept. | Oct. | Nov. | Dee ea 
nua 
UBT, cee baleen OY EAM Mecsas 4 Ieee sab Wecser coy| | al nr] Pa lel getaiet [raets As sl lene amet fo Octo OID] [Geer | [anon set faoeraeerl kc. sce 
«ic ean ndeetal URS | pee fangs Peg ain eel VA Pel |e MA | RR Dh 1 
US Se oe ios Siac ele ee lives Rearal ree nares | reteset Iconator] Pa miePaetea [oO cheyAL Oe | Rotcioine. cl (rotaencic 1 Stein las cee 3 Alltel Repeat 
PSI OR cei e! ithe « | 1.06 | 2.60 | 2.10 | T. 5.12 | 3.52 | 7.78 | 7.49 | 4.16 | 1.35 | 4.36 | 0.90 | 40.44 
10:12) re | 3.17 | 3.35 |10.63 | 6.02 | 2.37 | 6.27 | 2.62 | 0.59 | 0.72 | 1.383 | 7.42 | 3.24 | 47-73 
WSOREE Soap 6.42 | 2.15 110.30 | 1.88 | 3.94 | 3.03 | 2.69 | 4.438 | 7.28 | 4.00 | 3.13 | 2.90 | 52.15 
ibe} Gane Meee 4.06 | 4.10 | 4.71 | 1.96 | 4.18 | 2.34 | 1.60 | 1.20 | 0.48 | 2.91 | 3.58 | 3.68 | 34.80 
U0 UE ae 2.25 | 3.55 | 3.35 | 1.14 | 4.79 | 5.73 | 3.54 | 1.64 | 2.54 | 4.00 | 3.30 | 2.05 | 37.88 
1G 0 eae eae OAS } 2.15) | 5242) 13.81 |) 1200" | 4:49) | 0.77 | 2.63 | 0.99 | 4.03 | 0.95 | 4.75 | 33.14 
BOD ere as vas 0.90 | 2.50 | 2.89 | 2.86 | 4.40 | 5.02 | 4.19 | 4.64 | 4.06 | 3.40 | 4.51 | 5.28 | 44.65 
TO Soc yet cc 4.44 | 6.05 | 4.75 | 4.23 | 2.22 | 2.55 | 3.90 | 5.46 | 1.50 | 2.70 | 2.11 | 2.91 | 42.77 
DOD oi oie cae nis 5.50 | 4.05 | 9.86 | 2.80 | 3.67 ; 4.44 | 2.20 | 1.60 | 4.84 | 1.30 | 1.00 | 6.10 | 47.36 
(0 See 3.05 | 2.82 | 3.30 | 4.81 | 5.55 | 2.67 | 4.27 | 8.05 | 2.15 | 7.35 | 1.73 3.30 | 49.05 
MOOG -snoys. ace tars 4.61 | 2.05 | 9.31 | 2.15 | 2.45 | 3.39 | 2.30 | 7.38 | 2.99 | 1.08 | 4.90 | 4.94 | 47.55 
BOOT. sfeiae as 9.74 | 0.74 | 6.48 | 3.11 | 3.98 | 3.79 | 4.35 | 3.12 | 2.52 | 4.80 | 4.20 | 4.10 | 50.93 
NODS: Spsiteces/% 1.50 | 7.85 | 5.26 | 5.51 | 8.91 | 1.938 | 1.81 | 2.06 | 0.83 | 0.29 | 2.65 | 2.05 | 40.65 
Means. ..| 3.57 | 3.50 | 5.84 | 3.13 | 3.84 | 3.78 | 3.23 | 3.87 | 2.70 | 2.96 | 3.37 | 3.55 | 43.43 
c e callings 

A |Sle(al<a|e 4/8) <)a2{o vel cata 

Average number of days with 0.01 aia | | Rigas 
inch or more precipitation. ..... 13 (ese 7 ary <8 \h10") 10h |. Tale Gy afer eke es 
Maximum temperature........... 13 | 70 | 68 | 84 | 87 | 93 | 97 103 98 1100 | 88 | 78 | 72 | 103 
Minimum temperature.............| 13 |-11 |-20 | 0 } 22 | 29 | 42°) 51 |-50 | 28 | 22.) & I-10) —20 
Mean temperature................- 13 |30.7|29 .3\43.3]51.0 64.5 (71.9 76.6|75.1/68.6 57.4 44.2/38.2)653.8 


SS eee ee ee ee 
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TasLp 3—.Continuea 


INDIANAPOLIS, IND. 


: : = kK os 
= S co) ; o| & 
eb eae é || sacle 
Sl eal ee (ue deret elie ta ed a eel ees o/s] Ss 
Ser ete |e) 8) el) sie! a) 2] Ss | ota 
H|S\|B/S/a/2/4/5]<4|21/0/4/A]< 
| 
Relative humidity (percentage)...| 21 | 79 | 77 | 73 | 66 | 67 | 68 | 65 | 67 | 68 | 68 | 73 | 77 | 71 
Sunshine (percentage).........-.-.- 12 | 41 | 47 | 40 | 51 | 53 | 62 | 68 | 63 | 66 | 61 | 52 | 40 | 54 
Average hourly wind velocity (in 
MTLTLOS) Metciee Nee oop cle cheaters rene bates 12 |11.7)11.5 Thee 9.9} 8.9} 8.2] 7.4| 8.3] 9.4/10.4]11.5]10.0 


During the pericd Noy.—June, the level of the pond is not rapidly re- 
duced. September and October are on the average the dryest months of the 
year. July and August are the hottest. It is during this period (July— 
Oct.) that the level is reduced most rapidly and the stress on the organisms 
is most acute. In this period occurs the minimum precipitation, lowest rela- 
tive humidity and smallest number of rainy days (i. e., .O1 inch or more pre- 
cipitation), the maximum temperature and the greatest sunshine per- 
centage. All of these factors tend to reduce the level of ponds by evapora- 
tion. The lower wind velocity tends to reduce the evaporation to a slight 
degree. 

The amount of stress produced by a reduction of the level varies in 
different years. In thirteen years of precipitation records for Blooming: 
ton, the minimum for four months, July—October, was in 1908. The mayi 
mum occurred in 1896. In 1908 the amount of precipitation for the foui 
months was 4.99 inches. In 1896 the maximum was 20.78 inches. The 
average for the entire thirteen years for these months was 12.66 inches. 
To state it another way: the minimum for this period was 39+% of the 
average and 23.54+% of the maximum. That is, between four and five times 
as much rain fell during this period of one year as fell during the same 
period of another year. This irregularity, more than any other factor, 
prevents the fauna of this pond and all small solution ponds from becom- 
ing even relatively static. In the larger ponds the effect is less acute. 

The drying up of the pond in ’OS killed all the amphibian larvie, the 


corethra larvee and caused the emigration of some of the aquatic beetles. 
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(I am informed that Dytiscus marginalis Linn was formerly obtained from 
this pond in quantity for laboratory dissection material.) I have never 
taken a specimen from the pond. What other forms may have been elimi- 
nated by this “drying up,’ I do not know, because I began to study it at 
this period. 

Not only were the conditions during this period of low level very dif- 
ferent from these preceding it. but the conditions after the dry period were 
also very different. 

When the pond began to fill with water in November, ’OS, the decaying 
wmpphibian larve and other organic matter developed conditions favorable 
to the production of an enormous number of flagetlates. This decaying or- 
ganic debris and possibly the flagellates furnished an immense amount of 
feod for some of the crustacea, especially Cypridopsis vidua Brady. The 
alge are eaten by both the amphibian larvee and Simecephalus vetellus. 
The elimination of the former greatly increased the food material of the 
latter. 

The dragon fly nymphs and possibly Corethra larvee feed on on both 
of these crustaceans. Thus the conditions at this period furnished the 
crustacea an enormous food suppty and few enemies. The result was a very 
great development of crustacea. Especially was this true of Crypridopsis 
vidua Brady. Since the winter of 1990S, conditions which I have not been 
able to determine have resulted in the entire elimination of this form. It 
is evident that variations in the level may result in the elimination of a 
species or its abnormal development. 

Temperature.—The seasonal development of different forms as indi- 
eated in the list and table, is probably due directly or indirectly to changes 
in temperature. The temperature in the water of the pond varies from 
27.8° C to O at the surface (ice) and to 1.8° C at the bottom. 

Except for the first few weeks the temperatures were taken with a 
centigrade thermometer graded to 1/5ths. ‘The winter of 1908-1909 was 
fairly open. Ice formed December 2, lasting until January 20. Ice was 
present the latter part of February but there was none after March 3. 
The maximum thickness of ice for this year was 2.5 inches. The winter 
of 1909-1910 was very severe for this latitude. Ice formed December 7 and 
lasted until March 2 and had a maximum thickness of 9 inches on January 
11. During the first winter, the temperature of the water a few inches 


under the ice, varied but slightly from the greatest density temperature. 
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The long period of low temperature during the winter of ’09-10 reduced 
the temperature of the water appreciably. 

In order to determine the difference in temperature between the water 
immediately under the ice and that near the bottom, the following simple 
apparatus was used. A large mouthed bottle with a glass stopper was 
laced firmly to a stick of convenient length and a cord was tied to the 
stopper. The bottle was lowered to the level desired and the stopper re 
moved by means of the cord. The bottle was thus filled with water of ap- 
proximately the same temperature as that surrounding it. The ther- 
mometer was then lowered into the bottie and the whole apparatus was 
made fast to the ice for about an hour. ‘The bottle with the thermometer 
in it was then raised and the reading made. The error resulting from this 
manipulation was very slight. The following readings were recorded: 

Jan. 11, 3 inches under ice, 2.2; near bottom, 3.1 C. 

Feb. 1, near surface, .8; near bottom, 2.8 C. 

Feb. 26, lower surface of ice, .i; near bottom, 1.3 C. 

These data indicate that after the pond is sealed with ice, the tem- 
perature of the water gradually approaches zero. ‘This lowering of the 
temperature and the establishment of a difference between the upper and 
lower strata is due to surface radiation. : 

Another condition which reduces the temperature of the water is the 
partial melting of the ice. As has been stated, the pond has Typha grow- 
ing in it near the edge. The Typha stems project through the ice all 
winter. When the ice begins to melt, the heat absorbed by these stems, 
melts holes through the ice around them. The pond then has a zone of 
openings at its periphery. On January 18, 1910, the ice was partially 
melted; five inches of solid ice remained. This was covered with four 
inches of water. The holes had formed around the Typha stems. <A stiff 
wind was blowing from the west. The result was a movement of water 
from west to east above the ice, and from east to west below the ice. As 
the temperature of the water above was approximately that of melting ice, 
its circulation below the ice must have lowered the temperature of the 
water. (See Fig. V.) 

Another factor which may have a slight influence on the temperature 
of the lower strata, is the decay of organic matter which covers the bot- 


tom. This, of course, goes on very slowly at low temperatures. 
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The observed maximum (27.8° C.) is probably not the real maximum 
as no continuous series of summer temperatures was taken, and the diurnal 
change in temperature was very great during the variable periods of 
autumn and spring. The greatest observed variatien for twenty-four hours 
being 10° C. on Oct. 11-12. 

Temperature above 4° C. does not seem to affect the forms which are 
found in the pond throughout the year, {. e., beetles, Corethra lary, am- 
phibian larve, etc. Below this temperature, however, their activity is de- 
ereased and below 2° C. they are quite passive. For some time after the 
ice formed in the winter of 1909-1910, the Corethra larvze could be found 
in all parts of the pond. Amphibian jarvee came to the surface when the 
ice was cut, and the beetles could be seen crawling on the Typha stems be- 
neath the ice. On Jan. 11, 1910, the upper layers of water (three inches 
under the ice) had a tenmperature of 2.2° C. The lower layer (24 inches 
under the ice) was 3.1° C. There were few Corethra larvee in the upper 
layer and these were quite inactive. Near the bottom of the pond in the 
deepest part, they were present in great numbers and were much more 
active than those in the upper layers. Laryze from either region became 
more active when the temperature was raised. Many dead larvie were 
found just below the ice. It may be concluded then that a temperature be- 
low 4° C. reduces the activity of Corethra larvie. At 2° they become quite 
passive and temperature lower than 2° may prove fatal. 

Amphibian larvee were active and could be captured in quantity during 
December and most of January. On Feb. 1, 1910, the central, Typha free 
part of the pond was carefully dredged for amphibian larvee but none were 
captured. Holes were then cut in the ice nearer the margin of the pond. 
Two larvie were captured ten feet from the north end. These were in the 


r 


debris among the Typha stems. They were rarely captured until the ice 
disappeared in March. On March 3, the ice had disappeared and the larvze 
were much in evidence. The temperature just under the ice on Feb. 1 was 
8° C. and near the bottom was 2.8. 

It seems that the formation of ice on the surface does not cause a 
quiescent stage in amphibian Jlarvee but a temperature of about 2° C. does 
reduce their activity. It may be, in both these cases, that it is the con- 
tinued low temperature that causes these stages of inactivity. However, 
in the winter of 1908-1909, the water was not above 4° GC. from Dec. 2 to 


Jan. 27 and no period of inactivity was observed in these forms. 
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TABLE 4. MONTHLY AVERAGE OF TEMPERATURE FOR THE 
PERIOD NOV., 1909—APRIL, 1910. 


Month. Temperature near Surface. Temperature near Bottom. 
November...... 13.25° C. 
December ...... Ais 
DEAE TA Go ae eee 3.4° C 
February ....... Baraat eu se as tek pater fess ieeeee 2.05° C 
WEN Soe an See 6.7° C 
Z\ ys] Veneers 15.4° € 


Temperature records are not complete for warmer months, but those 
taken indicate that the temperature of the water approximates closely the 
average diurnal temperature of the air, which data are given in detail on 
page 425. 

Most of the aquatic beetles of this pond hibernate as imagoes. After 
the freezing weather comes they are to be found in the plant remains that 
cover the bottom of the pond. Their movements are very slow, and usually 
consist in crawling rather than swimming. On Jan. 13, 1909, 4 inch ice, 5 
inches snow, water temperature 2.2° C., a beetle (Vropisternus mixtus 
Lee.) was watched for 20 minutes. It was crawling on a Typha stem and 
during this time left it but once, swimming away a few inches and then 
returning. 

It may be argued that this quiescent state of the larger forms in the 
pond is due to the reduction in the amount of oxygen rather than to low 
temperature. I have not determined the amount ef oxygen present during 
different seasons of the year. Woweyer, the filamentous algze which are 
present all winter certainly produce some oxygen and it is highly probable 
that the Typha stems allow some gaseous interchange to take place be- 
tween the air above the ice and the water below it. I have made the fol- 
lowing simple experiment with beetles (5 species), Corethra larvee, and 
Notonecta. Two glass jars which were exactly alike, were filled with 
water to the same level. An equal amount of Typha stems was placed in 
each. In one, the stems were completely submerged, while in the other 
one, the end of each stem was allowed to protrude from the water. An 


equal number of organisins was introduced into each jar. The surface of 
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the water was then covered with a mixture of paraffine and beeswax. The 
animals in the jar where the stems protruded through the seal invariably 
lived longer. The periods for the beetles were about 1 and 3 days re- 
spectively. 

Light—The pord is fairly well lighted throughout its entire depth 
during the day except when it is covered with snow. The light is reduced 
considerably by the growth of Typha. WKofoid (04) feund that, with the 
development of phanerogams in one of the backwater ponds tributary to 
the Illinois River, there was a marked reduction in the plankton. Some 
comparative observations were made on a pond about five miles west of 
this one. It has about the same area and depth but there is no Typha 
growing in it. Although no quantitative methods were applied, cladocera, 
copepoda, and chlorophyceze were much more in evidence in it during Sep- 
tember, 09, than in the pond under discussion. It seems probable that the 
reduction of the light by the Typha growth has resulted in fewer species 
and individuals developing in this pond. 

On Jan. 11, 1909, the ice was partially melted. Openings had formed 
in the ice avound the ‘Typha stems and about 23 to 3 inches of water stood 
above the remaining ice sheet. Cyclops was quite abundant in this upper 
layer of water which was certainly due to their being phototactic. It was 
the only organism detected. <A lowering of the temperature under such 
conditions would certainly destroy many individuals. Thus an adaptation 
presumed to be beneficial under one condition becomes destructive under 
certain other conditions. 

Food Relations.—Regarding the nutrition of aquatic organisms there 
are two theories, which, although not mutually exclusive, are essentially 
different. 

The older oue is that the ultimate source of feod is chlorophyl bearing 
plants and the various forms ot bacteria which produce nitrates and nl- 
trites. ‘The materials thus elaborated or their derivatives are ingested mts 
food vacuoles, gastrovascular spaces, or alimentary tracts of animals, where 
they are acted on by secretions of the animal, reduced to a solution and 
absorbed. This theory has been assumed by most zodlogists in their dis- 
cussions of food relations, and it is the most fundamental assumption in 
the investigations now being prosecuted by the International Fishery Or- 


ganization. 
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The second theory is that proposed by Piitter (0S). He holds that 
the nutrition of many aquatic forms is essentially different from that of 
land animals. He shews that water contains large amounts of Carbon com- 
pounds in solution and demonstrates experimentally that this is the source 
of nutrition for a sponge, Suberites domuncula and a holothurian (Cu- 
cumaria grubei). In this paper and two subsequent ones, he extends his 
theory to include representatives of every phylum of aquatic animals. 

Possibly foreseeing the difficulty offered by the fact that in general, 
waste compounds of animals are less complex than their food, he sug- 
gests that a photochemical process may take place in aquatic animais, 
analogous to that of chlorophyl bearing plants. “Ob die gelésten Stoffe, 
die den niederen Tieren als Nahrung dienen, soviel Hnergie enthalten, dasz 
der Abban durch Spaltungen und Oxydaticnen allein hinreicht, um den 
Wnergiebedarf der Tiere zudecken, oder ob hier in einer weiteren Analogie 
mit dem Stoffwechsel der Pflanze strahlende Energie ausgenutzt wird, win 
durch photochemische Prozesse aus den aufgenommenen gelésten Stoffen 
Substanzen yon héherem HEnergiegehalt herzustellen, das ist eine Frage vou 
so hoher prinzipieller Bedeutung, dasz, die wenigen Hrfahrungen, die zu 
ihrer Hrérterung gegenwiirtig beigebracht werden k6nnten, nicht hin- 
reichend zur Entscheidung sind.” 

With the exception of Simocephalus vetellus, the methods of Ptitter 
have not been applied to species found in this pond. Wolff, ’09, was able 
to show that Simoccphalus vetellus could develop in a medium free from 
nutrition in the form of solids (geformte Nihrung). 

Without Genying the possibility that aquatic animals derive some food 
from the water by direct absorption of nutrient solutions, it may be stated 
with certainty that the higher animals of this pond for the most part 
utilize solid food. ‘This statement is based on observations on feeding and 
the examinaticn of alimentary tracts. 

In this discussion of the food relations of these animals, I shall ignore 
Piitter’s alternative. If it be subsequently proven that the ingestion of 
food is merely incidental, it will also establish their complete independences 
so far as food relations are concerned. 

I have tried to express in the accompanying diagram some of the im- 
portant food relations between the organisnis of the pond. ‘These relations 


are very complicated because of the omniverous habits of some of the 
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forms. Many of the forms derive their nutrition in part from the dead 
organie matter in the pond, to which all of the forms contribute. The 
ultimate food sources in the pond are (1) water; (2) carbon dioxide in 
solution in the water (derived from the air above the water); (3) nitro- 
gen, free and in simple compounds, such as ammonia; (4) foreign or- 
ganisms accidentally falling into the pend, e. g., insects. The formation of 
nitrates from simple nitrogen compounds was established by the well 
known work of Winogradsky (89). He demonstrated two kinds of bac- 
teria, one forming nitrous acid, another changing this to nitric acid which 
is neutralized by carbonates already present. This process may be as- 
sumed to form the first step in the proteid synthesis in this pond. 

These bacteria and those present in the decaying organic matter of the 
pond are eaten by the flagellates and ciliates. The ciliates also use the 
flagellates for food. The carbohydrates of this group are derived from 
the dead organic matter in the pond. The synthesis of carbon dioxide and 
water into carbohydrates is of course due to chlorophyl bearing plants. 
These plants consist of desmids, diatoms, filamentous alge and phanero- 
gams. The inclusion of diatoms and the smaller desmids by Difflugia has 
been demonstrated by observation. Simocephalus is the only animal in the 
pond that is dependent wholly upon alge for food. It may be able to 
adapt itself to some other food, but in this habitat its alimentary canal 
contains nothing else. It has not been demonstrated that any organism 
eats the living Typha plants except that the snails sometimes eat the more 
tender shoots. Limnodrilus lives among the roots but its alimentary tract 
contains rather finely comminuted material, some of which is Clearly de- 
caying plant stems. Cypridopsis vidua Brady feeds on the material which 
forms a slimy layer over the Typha stems, sticks, etc. Of course, this 
layer includes some organisms; however, their inclusion is accidental.  [ 
am sure they do not select algee. Simocephalus, Limnodrilus and ostracoda 
are eaten by dragon fly nymphs. Naturally this is difficult to observe in 
the pond. In order to eliminate the unnatural instincts that develop in an 
aquarium, a deep soup plate was kept at the pond, into which dragon fly 
nymphs and other forms were introduced immediately on being taken from 
the pond. The white background made observation easy and accurate, 
and one may be reasonably sure that the feeding instincts exhibited were 
natural. The nympbs experimented with belonged to the family Libellu- 
lide. The preference of the dragon fly nymphs is indicated by the order 
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in which the forms are named. Limnodrilus is eaten voraciously by the 
Amblystoma larvee and by Diemyctylus. Dieinyctylus has been observed a 
few times to take Simocephalus. 

The insects that accidentally fall into the pond are captured by the 
Gyrinidse and Hygrotrechus. 

The Corethra larvee feed on ostraccda and possibly cther forms in this 
pond. Miall (°95, page 115) says, “Corethra larvee feed upon small aquatic 
animals such as Ephemera-larvie, Daphnia, or Cypris.” The Hydrophylidee 
feed on the decaying organic matter. The Dytiscide have not been observed 
feeding in this pond, although they are known to be Garniverous, Kellogg 
(04, p. 258). The lervee of the Anura of this pond are rather omniverous. 
They eat filamentous alge, desmids, diatoms, protozoa, ostracoda and de- 
caying organic material. There seems to be very little if any discrimina- 
tion in the selection of food. Not all of the material eaten contributes to 
the nutrition of these larve. The rate of digestion in cold blooded verte- 
brates has been shown by Riddle (09) to vary directly with temperature. 
However, at ordinary temperatures many organisms pass through their 
alimentary tracts unchanged. In the faeces of iarvie placed in tap water, 
Ocdogonium, Closterium and Doccidimm are common. From the alimentary 
tracts of larvee kept for 5 days in water, which had been previously boiled, 
have been taken Huglena, Phacus, Spirogyra, Oedogonium, Closterium, 
Doccidium. The filamentous algzee and Closterium were in part disinte- 
grated. The Huglene were very active. In another series that was kept 
10 days, Ostracoda (Candona?) were found alive in the large intestine of 
six specimens. These facts indicate that the nutrition is derived from 
dead organic matter (filamentous alge and Closterium) and that the in- 
clusion of other, living organisms is accidental. 

In connection with food relations may be mentioned the mechanical 
comminution of plant debris. When plants die in the pond, they stand fot 
a time, then fall on the surface of the water where they float for a while 
and then sink. During this period they are being softened by the processes 
of decay. Their comminiution is due to the action of the Ostracoda, es- 
pecially Cypridopsis and the aquatic beetles belonging to the families Hy- 
drophylidze avd Dytiscidze. The specific gravity of the former is slightly 
greater than water and that of the latter slightly less. A piece of floating 
plant stem is covered with Ostracoda. A bit of the stem is often torn off 


by one of these ostracods. The ostracod remains attached to it until if 


reaches the bottom: when it is released. The process is reversed in the 
vase of the beetles. They clasp a bit of sunken plant stem in order to 
keep them at the bettom. A part of this often separates and is carried 
toward the surface. It is by the innumerable repetition of these processes 
that the mass of finely Gomminuted particies at the bottom of the pond is 
formed. 


COMPARISON WITE LAKES. 


The fundamental difference between this pond and a lake is that of 
dimension. Jt has a smaller area and is not so deep. A pond has no 
abysmai region but has some of the characters of the littoral and pelagic 
regions of lakes. Fiom this fundamental difference, secondary differences 
arise. The changes in level affect the relative depth much more in ponds 
than in lakes. The lowering of the level of a lake one-half meter would 
not affect its fauna to any marked degree, while the same difference in 
level occurring in a pond whose depth was a meter or less would pro- 
foundly influence the organisms inhabiting it. 

The temperature in ali parts of the pond is near that of the atmosphere 
above it. In this it resembles closely the shallow littoral region of some 
lakes, e. g., “barren sheals’ of Walaut Lake (Hankinson, 07). So far as 
observed the difference in temperature in different parts of the pond at 
any given time has not exceeded 2° C. It is practically holothermous, the 
thermocline ard associated phenomena are absent. 

Forel (04) has shown in the case of Lake Geneva, that the littoral 
region is one of variety. This fact is perfectly familiar to all students of 
lakes. In the same lake, one part of this region may be covered with 
rushes (Scirpus), another by water lilies (Nywmphea), another by Potamo- 
geton, while another may be barren sand or rock or an equally barren 
marl bed. 

An indivigual pond lacks this variety. It is in this particuiar that this 
pond and others like it differ most frem the littoral region of lakes. (It 
is more nearly comparable to a limited section of a lake shore.) If Typha 
is introduced, it soon spreads over the whole area, limiting the light, ex- 
cluding other phanerogams, and developing very uniform conditions over 
the entire pond. If a pond is developed on the side of a hill so that silt 
is carried into it, a muddy, barren condition exists over the whole area. 


Ponds in the woods rarely develop aquatic seed plants; the leaves from the 
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surrounding trees cover the bottom so that a very distinct but uniform 
condition is developed. Besides their limited area, a second cause of this 
uniformity is their sudden formation. During the summer of ’08, four 
miles east of Mitchell, Indiana, an open sinkhole containing several acres 
became sealed. With the first rain a pond with an area of about one acre 
was formed. ‘This is the typical phenomenon in the formation of solution 
ponds. It may take a very long time for the solution cone or sinkhole to 
form, but when the opening at its base becomes sealed, the pond reaches 
its maximum depth quite suddenly. The result is that an aquatic habitat is 
formed with no aquatic fauna. The first forms introduced into a pond at 
this stage have no competition and soon take possession of the entire area, 
thus making it more difficult for a related form to establish itself. An- 
other difference between these ponds and lakes (which seems to be due to 
their fundamental difference in size) is the paucity of species in the former 
when compared with the latter. It seems probable that, other things being 
equal, the larger the lake, the greater the variety in the fauna. Forel (04) 
reports 22 species and 10 varieties of cladocera, 9 ostraccda and 12 gastro- 
poda from Lake Geneva, while from the smaller Pléner See, Zacharias 
(93) reports 20 species and varieties of cladocera, one ostracoda and 10 gas- 
tropoda. Burehardt (00) observes that the plankton of the Alpenacher 
See contains fewer species than the Vierwaldstiidtersee. Dr. W. Halbfass 
collected from a number of lakes in uorthern Germany and sent the ma- 
terial to Zacharias for examination. ‘The lists show only one Cladoceran 
from Dolgensee bei Neustettin, . very small body of water, while Wilmsee, 
a much larger lakelet, contained six. The faunal list for any lake that has 
been explored with care, is much greater than that of this pond. 

This is due to the uniformity of conditions that prevails over the en- 
tire area of a given pond at a particular period, and to the fact that the 
pond after its formation, changes very rapidly, thus making it suited for 
a particular species for a relatively short period. If the species is not 
introduced during the period in which conditions are adapted to it, it can 
never develop. 

In 2 lake, conditions are relatively static and a large per cent of the 
forms capable of developing in it at a given stage in its history, succeed in 
reaching it, while in a pond this per cent is much smaller. Forel - (O04, p. 
408) states that the similarity of the microfauna (i. e., passive migrants) 


of one lake to that of ancther is due to the “reaction reciproque d’un lae a 
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Vautre.” It is evident that this can occur only when similar conditions (e. 
g., pelagic) are present in the different lakes. In lakes this similarity may 
exist in certain parts during the major part of their existence. In ponds 
the peried for this reciprocal reaction is very limited. 

Although a single pond contains relatively few species, all the ponds 
in an avea of several square miles show a much greater variety. 

Many ponds have been examined but detailed data concerning them 
have not yet been collected. However, the following note will illustrate 
what is meant. On Jan. 11, 1910, pond No. 1 P contained Cyclops bicuspi- 
datus, Chydorus sphaericus, Cypridopsis vidua and alona. Pond No, 2 T 
contained Cyclops serrulatus, C. leuckarti; and an unidentified Daphnid. 
Pond No. 6 P contained a few Cyclops serrulatus and an enormous number 


of Bosmina cornuta. Other groups of organisms show an equal variety. 


RELATION TO CAVE PLANKTON. 


This variety in the fauna of different ponds has an important bearing 
upon the relation of pond plankton to that of caves. That the plankton 
of the cave streams of this region is derived from certain of these ponds 
is well established. Only a small number of the organisms in any pond 
are able to withstand the inimical cave conditions. I have never found all 
the species reported from the Shawnee Cave stream in any one pond. 

These facts indicate that the cave plankton is a composite of such or- 
ganisms of the contributing ponds as are able to withstand cave condi- 
tions. It is probable that the greater the number of contributing ponds, 
the richer will be the fauna at the outlet of the cave stream. 

The relation of these solution ponds to a cave stream is quite com- 
parable to the relation of backwater lakes, bayous, oxbow cutoffs, ete., to 
the river in whose valley they lie. WKofoid (’03, p. 546) states concerning 
the Illinois River, “The plankton indigenous to the channel itself is of 
small volume as compared with that contributed from the backwaters.” 
There is, however, this difference. In the cave the processes of growth 
and reproduction are very much inhibited, while in the river they continue 
or may even be increased. Kofoid (lc) has shown that during periods of 
low water, the river may contain more plankton than the contributing 
waters. This condition never exists in cave streams and obviously never 


can exist. 


440 


UNSOTVED PROBLEMS. 


This study, while it gives a fairly complete picture of a particular 
pond and establishes some general notions concerning ponds of this type, 
is to be regarded as opening up a new corner in the field of freshwater 
biology, rather than exhausting «ny part of it. The fauna of solution ponds 
needs to be more carefully and generally explored. The life history of 
many of the species is quite unknown. Experimental studies on the effects 
of varied conditions upon some of the organisms are certain to yield re- 
sults. The details of the mode of dispersal are very imperfectly known 
in many forms. 

The most important general investigation, it seems, is to carefully 
select a series of ponds having different combinations of environmental 
factors, i. e., area, depth, shade, plant growth, wash, etc., and to make a 
series of simultaneous observations extending over at least one year. Then 
by a process of elimination, determine the effect of these factors. 

I desire to express my obligations to Prof. C. Tf. Hyenmann and Prof. 


Charles Zeleny for their valuable suggestions and criticisms. 
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